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A Typical Small Street-Railway Plant. 


BY HARRY J. BEAN, A. B., E. E. 


ANTA CLARA COUNTY contains within its borders 
two electric railway lines that are among the first of 
of those installed in California, namely, the San Jose 
and Santa Clara Electric Railroad Company’s line, 
which began operations in 1889, and the First Street 

Electric Railroad Company’s system, which was installed dur- 
ing the year following. These two plants are duplicates except 
in routes and minor details, hence a description of one suffices 
for both, but being more familiar with the details of operation 
of the First Street system, it will form the subject of this 
article. 

The first portion of the system installed consisted of the line 
running on First street from the power house to Hotel Ven- 
dome, thus traversing the main business and residence street 
of San Jose. In 1891 the line was continued southerly on First 
street to Oak Hill Cemetery, and during the two years follow- 
ing the remainder of the system comprising nineteen miles of 
track, was built by the personal enterprise of Jacob Rich, who, 
up to and during 1893, expended $475,000 in construction and 
operation of the system. The lines extended away out into 
thinly-settled suburbs and did not pay; the financial depres- 
sion of 1895-6 followed closely, and, although the system was 
brought to a paying basis a year or so ago, it was sold under 
foreclosure in May last to the German Savings and Loan So- 
ciety of San Francisco for $225,000. 

Having thus briefly reviewed its historical and financial 
sides we may turn to its mechanical and electrical features: 
The power house is of wood with corrugated iron roof. It is 
96 feet long by 50 feet wide, and a wood partition separates the 
boiler and engine rooms. The boiler room and two-thirds of 
the engine room are laid in cement, the remaining one-third 
of the engine room being floored with asphaltum. The build- 
ing is without ceiling or lining, is situated a trifle over a mile 
from the center of the city. The ground plan of the power 
house, together with the general arrangement of its contents, 
is shown in Figure 1. Two boilers of the “porcupine” type, 
each rated at 150 horse power, are used. They are hand-fired 
with pine wood in four-foot lengths. Other woods as well as 
coal have been used from time to time, but pine wood has been 
found to be cheapest fuel by a very small margin. A great 
deal of sediment and scale is deposited in the heater, and in 
time the tubes and sides of the boilers also become coated with 
scale, which is cleaned off monthly. When a boiler is to be 
cleaned, on a Friday night a half-bucketful of a patented 
boiler compound is injected into the boiler, and on the follow- 
ing night the boiler is shut down. On Sunday night the fire- 
man takes a hose into the boiler and plays the hose into each 
tube and against the sides of the boiler, and as the compound 
has reduced the hard scale to a soft mud, the water washes the 
mud off leaving the boiler perfectly clean without scraping. 
After cleaning, and before the manhole is closed, another half- 
bucketful of the compound is thrown into the boiler, and the 
boiler is put into service again the next day. Many other com- 


pounds have been tried without success, and coal oil was found 
to be also useless, for after having applied it the scale hard- 
ened so that it was impossible to even scrape it off. 

Two duplex steam pumps, either of which may serve as a 
feed pump or a tank pump, are used, as is also an injector. All 
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feed water comes from the heater, but should it get out of 
order, cold water from the well may be put into the boiler from 
either pump or by the injector. The draft is hand-regulated, 
the chimney is provided with a damper, and steam is kept at 
$0 pounds per square inch. The feed water heater, shown in 
section in Figure 2, is circular in form, and made of boiler 
iron. It is 3% feet in diameter by 10 feet in height, and a per- 
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FIGURE 2. 


forated partition about one-third of the way up divides it into 
two chambers. The upper chamber is about two-thirds full of 
rocks, and immediately under its exhaust outlet is a large 
sprinkler supplied with water from the tank. The lower com- 
partment is kept half full of water, and its level is maintained 
by the automatic arrangement clearly shown in the figure. 
Exhaust steam is admitted into the upper half of the lower 
compartment, whence it rises through the perforated partition 
and between the rocks, and thence into the atmosphere. The 
action of the heater is very simple, for the exhaust steam heats 
the rocks and practically condenses while the water from the 
sprinkler is heated from contact with the steam and in cooling 
the rocks. Hot water.for the boilers is taken from that in the 
bottom of the lower compartment of the heater. Every two 
months the heater is cleaned, as it then becomes necessary to 
take out the rocks and chip the deposit from them, as well as 
to clean off the scale and sediment from the heater itself. The 
heater is too small to handle the exhaust of both engines. 

The power plant consists of two “Wheelock” variable cut- 
off engines erected on concrete foundations. The smaller en- 
gine was the first installed, and it is rated at 150 horse power 
at 74 revolutions per minute, its cylinder measuring 18x42 in- 
ches. The larger engine was put in in 1893, and it is rated at 


250 horse power at 65 revolutions per minute, its cylindep be- 
ing 20x48 inches. 
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The generators originally installed were two of the well- 
known “D62” type of Thomson-Houston make, delivering 120 
amperes at a nominal voltage of 500. The next machine was 
installed in 1893, and it is one of the equally well-known 
“MP100” railway generators of the General Electric Company. 
Both engines are belted to a jack shaft, from which the gen- 
erators are driven, as appears in Figure 2. These generators 
are erected on concrete foundations and have leather-covered 
pulleys. 

The switchboard is of the standard General Electric “form 
K” type in three lignum vitae panels. The essential features 
and circuit connections of which are shown in Figure 3. In 
Figure 4 is given the load curve for March 28, 1899, as taken by 
F. G. Baum and the writer. Readings of the voltage and cur- 
rent were taken every six minutes from the time of starting 
(6 a. m.) until midnight when the plant shut down. 

All feeders are of No. 0000, and the trolley wires are of No. 
0, B. & S. copper. The rails are light, weighing 30, 35 and 50 
pounds per yard on different branches, and the first device for 
rail-bonding and return circuit consisted of a No. 3 bare copper 
wire laid midway between the two rails underground along the 
length of the track to the power house. The rails were con- 
nected by two fish plates, and one foot from each end of every 
rail a seven-sixteenths inch hole was drilled through the flange 
of or foot of the rail, and into this hole a No. 5 bare wire was 
inserted so that about an inch of the end of the wire would 
protrude beyond the flange. A channel pin was then driven 
into the hole, thus making the well known form of driven bond 
so generally used some years ago. The No. 5 wire was then 
given three turns around the No. 3 wire without soldering, and 
the other end of the No. 5 wire was then driven-bonded into 
the flange of the adjoining rail. This form of bonding was 
abandoned long ago. The second form of bonding was also of 
the driven-bond type, the difference from the first being that 
the bond was carried from rail to rail without depending upon 
the underground return wire, and a No. 0 wire was driven- 
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bonded into the web of the rail. The trouble with this bond 
was that the channel pins dropped out, and now the method 
which has been adopted consists of using the same form of 
bond as that preceding, with the exception that the ends of 
the wire are left longer and are bent toward each other and 
twisted together, thus preventing the channel pins from falling 
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out. 
one. 

The rolling stock consists of 26 motor cars and six trailers, 
and the three principal lines of the system have, respectively, 
six, four and two cars in the daytime and half those numbers 
of cars at night. The three remaining lines of the system are 
small ones, and each has one car in the daytime only. In ad- 
dition to operating the street railway system the company fur- 
nishes a commercial power circuit in the business district, 
from which is operated elevator and other classes of electric 
power service, while out in the fruit districts, through which 


This device has given more satisfaction than the second 
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the railway lines run, it furnishes power from the trolley for 
operating a pumping plant for irrigating purposes here and 
there. 

In an article which appeared in the “Journal of Electricity” 
for March last, the writer gave a description of the Monterey 
and Pacific Grove lighting plant as characteristic of the great 
majority of small electric lighting plants which are scattered 
through the Pacific Coast. Similarly this article may be ac- 
cepted as a description which is typical of most of the electric 
railway plants in the small cities of the West. I believe such 


publications to be wholesome, as calling the attention of engi- 
neers to the possibilities for improvement in the character of 
the steam plants existing in most cities of the West, and in 
furtherance of this it may be stated that early during the pre- 
sent year an engineering concern of San Francisco made a re- 
port upon the plant of the First Street Electric Railroad Com- 
pany of San Jose, wherein was proposed a plan of improve- 
ment in steam and electric plant guaranteed to effect a yearly 
saving of 33 1-3 per cent. in the fuel bill, or about $3,600 per 
annum. The engineering concern referred to moreover pro- 
posed to make the cost of such improvements contingent on 
the saving that they would effect, so that there would be no 
outlay on the part of the railway company, but thus far the 
proposition has not been accepted. 

The report referred to contains some matters that may be 
of interest concerning the operative features of the plant, and 
the remaining portion of this article is taken from it. 

Under test, the boiler showed an evaporation as high as 110 
lbs. of water per cubic foot of wood from and at the tempera- 
ture of the feed water, which is not given. The boilers were 
found to be in good condition. On January 9th last, a six-hour 
test was made to determine the steam consumption of the 250 
horse power engine. Ten cards were taken between 8:30 a. m. 
and 2:00 p. m., the average of these cards being 183.499 indi- 
cated horse power, while the readings ranged from 165.58 in- 
dicated horse power as the minimum to 218.90 indicated horse 
power as the maximum. These cards were taken at regular 
intervals during the test. The feed water used was found to 
be 4,205.50 gallons, or 25,031.06 pounds, which is an average of 
5,838.51 pounds per hour, which, reduced, shows an average of 
31.82 pounds of water per indicated horse power per hour. 
The report states that the average load has increased by 45.39 
indicated horse power between November 12, 1898, and Janu- 
ary 9, 1899, “due to leaks and unknown causes.” The friction 
losses in engine and countershaft are 20.43 indicated horse 
power, and the power consumed in station lights and line 
leakage is 9.74 indicated horse power. The friction load of the 
150 horse power engine, shaft and armature was found to be 
17.73 indicated horse power. 





Proceedings of the Third Annual Convention of the Pacific Coast Electric Transmission Associ- 
ation, Held at San Francisco, June 20-21, 1899.---Concluded. 


(Continuation from page 54, August number.] 

We do not know whether the same result would come from 
asphaltum as we did not experiment on those lines; but we 
do know that what we did has proved highly successful. 

Dr. Perrine: If paraffine pins are a good thing, why not 
earry it to the arms? 

Dr. Van Norpen: It is not needed. If you find the current 
will not go down the pin to the arm, what is the use of boil- 
ing the arm? You might say why not boil the earth, and 
put paraffine in everything. You must stop somewhere. 

Dr. Perrine: Do you think your pins are better insulators 
than your glass insulators? 

Dr. Van Norpen: No. 

Mr. Jones: In regard to boiling pins, cross-arms and 
poles, I have found trouble in boiling the long shanghai 
pins that give seven inches of space between the petticoat of 
the insulator and the cross-arm. The long shanghai pin is 
of great value over that of the standard Western Union size. 
I boiled a batch of pins in asphalt to, I think, about 250 or 
300 degrees Fahrenheit. We used the locust, North Carolina 
pins, and quite a number of them we found so defective in 
consequence of the high temperature given while boiling 
that we did not dare to use them. They rotted from the sur- 
face to such a depth that it made them weak. In construc- 
tion, we did not pull the wire as tight as usual; we found 
several pins that had angled ahead considerably toward the 


head guy strain. It was not due to tight wire atall. Butas 
to asphalt, if we could find some solvent for it, and apply it 
heated not to exceed about 100 to 150 degrees Fahrenheit, 
and soak the pins therein without leaving too much thick- 
ness of the asphalt itself on the pins, it would be an excellent 
assistance to insulation. We have cooked all cross-arms 
and have cooked them “‘toa finish.’”’ It does not hurt them 
at all if large arms are used. Before cooking cross-arms and 
pins they ought to be kiln dried as completely as possible 
before they receive any insulating material on the outside. 
Utah gilsonite is a higher grade of insulating compound 
than asphalt by, I think, probably ten to one. You can apply 
a coating on a metal plate by dipping, which will stand test 
against 10,000 or 15,000 volts. I think I would drive the pins 
in the arms and duck the pins and cross-arms together in 
this solvent, and avoid, if possible, the use of iron braces. 
The high pressures we are reaching now in long transmission 
lines avoids the necessity of bracing as thorougaly as when 
we used the Edison three-wire system on 110 volts. We now 
get higter pressure, lighter wires, and possibly aluminum 
wire. 

Mechanical strength is not required to such an extent as it 
was in the past; but as for insulation, I think we cannot get 
it too good. 

Mr. Martin: I may be considered radical in my ideas of 
line construction, and I will illustrate it by the usual trick of 
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the magician, who has a series of boxes, one within the other, 
all of which are locked securely in order to secure the con- 
tents of the smallest box. I am satisfied if a strong enough 
lock were placed upon the outer box there would be no ne- 
cessity of having a series of boxes within each other to get 
absolute security. Personally, I piu my faith absolutely to 
the security of the insulator; so much so is that true that in 
the present construction of the 40,000-volt transmission line 
I have no braces and no treatment of pins, cross-arms or 
poles. I think everyone will agree with me that the greatost 
element of risk on a power transmission line of any voltage 
oceurs during wet weather, and I doubt seriously whether 
any insulating material you may place in or upon your cross- 
arms or pins will prevent surface leakage during wet weather. 
We all know that dry wood is as good an insulator as we 
want; as good a preventive as we need in the matter of leak- 
age from one leg of the circuit to another. The doing away 
of the braces was brought to my mind very forcibly by re- 
stricting the air gap between any two legs of a three or four 
wire circuit, which is absolutely true, and dealing in the 
higher voltages, and knowing something of the static spark 
which these high voltages produce, and of the air gap through 
which they will jump, 1 deemed it wise to remove anything 
that would bring those wires closer together, and we are 
therefore removing braces entirely. 

I agree with some of the members that the question of the 
insulation of the pin is not a material factor. If our insu- 
latcrs are good let us depend upon them; if they are not 
good let us get insulators that are good. You have no insu- 
lation from the ground so far as the pole is concerned. You 
never think of treating the pole particularly. in one of the 
installations in the East they have iron poles for a 5000-volt 
transmission line which brings the eartb right up to the 
cross-arm, and in that case they use no insulating compound 
at all, or possibly a little P. & B. paint. The experience I 
have had in the operation of 16,700 volts on the Marysville 
circuit has been this: Our poles were entirely untreated — 
they were natural poles with the sap; our cross-arms were 
painted with P. & B. paint; we used an iron pin which prac- 
tically eliminated any insulation between the insulator itself 
and the cross-arm; and we have yet to see the first of our 
insulators to be affected, or any part of our pole line to be 
affected, and we have been in operation now seventeen 
months. I don’t know of any better record than that. The 
line was tested by Dr. Perrine at 30,000 volts; I believe it was 
in April or May of last year. There was no trouble except 
where the lines were converging into a building where they 
reached a distance of six inches apart, and as soon as the in- 
creased potential was produced an are would form, and, 
creeping out upon the line, would dissipate and reform and 
dissipate, causing short circuits on the line. We are gaining 
our poles a quarter of an inch deeper than customary. We 
do not find that seriously objectionable, because the weaker 
part of our pole is not at the top. We are depending upon 
our gain to keep our arms practically level. We are using 
one bolt. right through the pole, and, assuming for argu- 
ment’s sake that at any time they may become one-sided, 
the hexagon cannot become seriously distorted, and if it 
were it would not affect the actual operation of the line. I 
think when we are trying to insulate everything from the 
wire to the ground, we are going to unnecessary expense; 
and while I may be mistaken, [am making the experiment, 
if you so please to term it, and I offer the prediction to-day 
that a year from now I will be able to tell you our 40,000- 
voltage line has been operating from the time of its starting 
until then without any troubles at all. 

Mr. Suarr. I have had an experience with 17,000 volts. We 
painted all around with P. & B. paint. The arms had iron 
braces and they gave no trouble. I would like to ask what 
kind of pins Dr. Perrine has been using. 

Dr. PERRINE. Wood. 


Mr. SHARP. We used a Locke steel pin with a wood thread. 
They are not treated with paraffine and give very good satis- 
faction. 

Mr. Masson. My opinion is the same as Dr. Van Norden’s, 
with the exception of the arm brace. I believe if you can get 
a good, dry pin, which does not absorb moisture and will keep 
the rain off, that you do not need any more insulation. I be- 
lieve, as Mr. Martin states, if you have two boxes that one is 
sufficient if it is strong enough, but yet when you don’t know 
about the one, we are accustomed to putting a lock on both, 
as with a safe when we put a combination lock on the outside 
and another lock on the inside. We do know that the first 
success we had of regular operation anywhere on the coast 
was when we commenced paraffining pins. I think that was 
the first radical improvement. We all know if the pin is kept 
dry both by the insulator and by the paraffine, not allowing the 
water to cling to it, that that is enough insulation for any vol- 
tage, perhaps up to 15,000, without the effect of the insulator 
at all; that is supposing it is a six-inch pin, I think six inches 
of dry wood from the wire to the ground will stand 15,000 
volts, according to some tests that were made here. If that 
is the case, when we have got a good insulator and a good pin 
we have got a double protection, and the breaking of the in- 
sulator even by shooting, unless entirely fractured, will not 
allow the wire to become grounded. Mr. Jones said they had 
a wire even laid on the cross-arm and it did not ground, and 
we would be perfectly safe so long as our wire was attached to 
the pin. When you try to insulate the cross arm you are un- 
dertaking a serious task, for the top of the cross-arm is gen- 
erally very wet, even if it is not a flat surface. When it rains 
there will be a large continuous surface of water on the cross- 
arm, and I believe when making the effort to keep the cross- 
arm insulated we are going farther than we can and do very 
much good. If we could insulate the cross-arm—I mean pre- 
pare it with any paint that would keep the water off of it—we 
would be doing a good thing, but even then I believe a greasy 
surface in the nature of paraffine is better than a paint sur- 
face which merely keeps the water from getting into the 
cross-arm and the absence of the braces must surely be a 
good feature. 

Mr. Jones’ statements about the three-pole lines, and all our 
talk about the cross-arm braces, go on the assumption that the 
troubles are developed between two insulators on the same 
pole. If two insulators on the same pole are going to give us 
trouble, we have few chances on an ordinary transmission line 
of three wires of having trouble at all, while if any two insu- 
lators on the whole sytem can give us trouble our chances are 
about as many times greater as there are poles, or 1200 times 
on a 30 mile line. If the pin, pole and cross-arm are all insu- 
lators, and the two insulators that break down are at the same 
point, then Mr. Jones’ advantage of having the three-pole line 
is in effect, because the current has to go to the ground 
through one pole and back up to the other. In most of the 
troubles the current did not burn off one cross-arm or one 
pole, but burned two, and in the Central California experience 
it was two. They burned poles as far as a mile or two miles 
apart when their insulators gave way. That would point to 
the fact that while the insulators give trouble the braces con- 
necting up the two insulators on one pole would be only in- 
jurious when the two insulators on that one cross-arm got 
into trouble at the same time. 

Dr. VAN NorpDEN. We never had two on the same pole. 

Mr. Masson. That is what 1 understand. It always went 
to the ground and up another pole, so that the cross-arm brace 
did not affect the trouble in the least, and the only reason I 
would leave off the cross-arm braces would be to save money. 
I do not believe on an arm less than five feet long that it is 
needed, and whether the two bolt holes are objectionable or 
not I have never had any experience or heard any statement. 
If they are objectionable, one might hold, but I would rather 
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see two and still have a deep gain. Mr. Martin’s statement 
about the strength of the pole is perfectly true. We don’t need 
any strength there; I have never heard of a pole that broke 
within five or six feet of the top; they always break near the 
ground. So a deep gain is no objection, and we can hold the 
arm without the braces. They are an expense we don’t need 
to have. 

Mr. LEE. Without criticising what Dr. Van Norden has said, 
I desire to ask for some information. We know very well 
that an ordinary glass tumbler put on top of a pin, if we could 
secure our wire to it, would be a perfectly good insulator. That 
being the case, there is no reason why the double petticoat in- 
sulator would not stand any operating voltage that may be 
ased in that part of the country, so far as penetration is con- 
cerned, providing the arcing distance or petticoat surface is 
sufficiently great, the only thing we need to look to is the in- 
sulator. If the insulator fails then the electrical strain comes 
directly on the pin, and I would like to ask whether Mr. Van 
Norden considers that the pin, in wet weather, or even where 
it is protected, has high enough insulation resistance to with- 
stand the working strain of 15,000 or 16,000 volts. 

Dr. VAN NoRDEN. I can only say such has been the case. 

Mr. Lee. Don’t you think it is due to the excellence of your 
insulator rather than to the pole? 

Dr. VAN NORDEN. I do not, for the reason all along the line 
we have these paraffine pins, three to a pole, and for a mile 
and three-quarters we have the small insulators. All the way 
up and down the line we have no pin charred or burned, and 
no arm burned, and if there is any trouble of that kind it 
comes from one of the other pins in the older circuit. 

Mr. Lee. That is to say, the pins not treated are the ones 
that break down. 

Dr. VAN NorpdEN. They don’t break down very often, be- 
cause the line is thoroughly dried out, but once in awhile we 
do have one. 

PrRoFEssOR Cory. My practical experience, personally, in the 
use of insulators on transmission lines is not very large. Sim- 
ple laboratory experience is not, perhaps, of very great in- 
terest just now, in connection with electrical transmission. 
However, a few weeks ago, in the Los Angeles sub-station of 
the Southern California Power Company, I was present at 
some tests made for the benefit of the municipal officers of 
that city. You probably remember that the six wires: from 
the generating station are brought into the city at a line pres- 
sure of 33,000 volts. One question which was to be settled was 
the matter of the danger to a fireman when fighting a fire, if, 
perchance, a stream of water was thrown upon the wires. 

In order to show what would happen, a plain Oregon pine 
cross-arm with ordinary untreated pins was put in the sub- 
station. Two insulators, mounted upon two pins, were placed 
on this one cross-arm, about two feet apart. Each insulator 
was connected with a terminal of a testing transformer. The 
pressure was raised to about 66,000 velts and a spray of water 
was turned on the wires leading from the transformer to the 
insulators. Before the water was turned on, in an absolutely 
dark room, no light at all was shown at the pin or cross-arm; 
but as soon as water was sprayed the pin lighted up over the 
lower part and streaks of fire were seen along the cross-arm 
between the two insulators. This seemed directly to indicate 
that a wet, untreated cross-arm with wet, untreated pins, 
might show a considerable leakage. Incidentally I might sa’ 
that the man handling the hose was in no wise inconvenienced, 
and declared that he received no shock whatsoever from the 
stream of water. 

Later on another cross-arm was used, which, I believe, was 
treated with paraffine paint only, and upon which were mount- 
ed two insulators upon iron porcelain pins. ‘The distance from 
the bottom of the insulator to the cross-arm was, as I remem- 
ber it, about 4%.inches. The water was again turned on, 
after the pressure had been raised to 66,000 volts; and no leak- 


age was noticeable whatsoever. In that connection it seemed 
to me to be evident that, when we come to treating pins, it is 
only a question of moisture. Very fine particles of water were 
noticeable on the porcelain pins, but there was no leakage. 

In general, regarding the operation of the transmission line 
of the Southern California Power Company, I was told that the 
line had worked satisfactorily from the very beginning. When 
| asked, “What do you put on the cross-arm?”’ the reply was, 
“Nothing.”’ This I was told by the representatives of the Com- 
pany. I do not know exactly how long the line has been in 
operation; but I do know this, that climatic conditions in 
Southern California, particularly during the last year, have 
been very different, as regards moisture, from those surround- 
ing some northern transmission systems. 

Mr. Martin. Is it not a fact that they use a steel pin on 
that transmission line? 

Pror. Cory. An iron-porcelain pin. 

Mr. Jones. The use of steel pins for line voltages above 
ten or twelve thousand volts should be avoided. We once ap- 
plied 11,600 volts to a line of pins bolted to the cast frames of 
transformers, the bolts being leaded-in to the interior of good 
porcelain insulators. The transformer frames were used as 
supports for the insulators, but I would not do it again for, 
while it caused no trouble, it is bad practice. On examining 
the line one night we found a “‘fire-fly” at the top of one of 
those insulators. It was a good “fire-fly,’” and Mr. McKee 
thought it would be wise to shut down the station and take out 
the “‘fire-fly,” but I advised against doing so, and it remained. 
Mr. Blackwell and Mr. McKee slept that night in the trans- 
former house on the second floor of the station building, and 
Mr. McKee got up a dozen times during the night to examine 
the leakage. The next morning it was the same, only not so 
apparent in daylight. That same “‘fire-fly” continued there for 
over two weeks before we had a chance to shut down or change 
the insulator, but we allowed it to remain for that time even 
though it was a dangerous, if not a reckless, thing todo. The 
transformer from the other leg must have been alive from the 
accumulation of dust on the insulator in order to have given 
the small current necessary to produce that amount of “fire- 
fiy.”” I maintain, therefore, that in insulating lines the insu- 
lators themselves should be of the best. I don’t mean for 
10,000 volts, I mean for higher voltages than that, but for any 
excessive voltages the insulator should be of the very best that 
can be secured. Use long Shanghai wood pins which are well 
soaked and cooked—not burned—in some good insulating ma- 
terial, and treat the cross-arms after the same manner in con- 
nection with the pins after the pins are driven, and then use 
no arm braces. Some cases do not require such care, but all 
the dust that blows in a dry windy country—and there is a lit- 
tle mineral contained in the dust of a good deal of the high 
country—all- the wood cracks and checks, and all the rain and 
moisture is bound to cause trouble if the line is not well in 
sulated. It is possible to protect pins and cross-arms from 
checks, hence it is not detrimental if a continuous sheet of 
water is on the surface of the cross-arms. Twenty thousand 
volts is not very difficult to handle, but the higher you go the 
greater the danger. It is so between 10,000 and 20,000 volts 
but the difference is more marked between 20,000 and 40,000 
volts than can be imagined until after the results have been 
seen and examined. Paraffine is an excellent insulator, but if 
it is heated to such an extreme temperature as that mentioned 
this afternoon it is bound to deteriorate the wood and make 
weak pins and arms. The pin and cross-arm should be abso- 
lutely dry when put in to cook—preferably when hot from the 
dry kiln. The cross section of the pole at the gain is greater 
than the cross section of the cross arm, and there is no dan- 
ger of the pole breaking at that point; in fact, one-third of 
the pole could be taken out at the gain without detriment 
therefore, iron arm braces are unnecessary unless the arms cre 
longer than seven feet. 
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Dr. VAN NorpEN. I should like to know whether it is neces- 
sary to asphalt the butts or poles. 

Mr. Suarr. In the Riverside line it was proposed to paint 
the butts entire with P. & B. paint to a point two feet above 
the ground, but I suggested that if such was done the poles 
would dry rot inside. The poles were then painted two feet 
above and two feet below the ground surface, and my personal 
experience is, that poles so painted give the best satisfaction, 
as they will not dry rot at the air line. 

Dr. Perrine. This whole question has been thoroughly dis- 
cussed before the Society of American Civil Engineers in a 
paper presented before them and a subsequent discussion, 
wherein was given not only the practice in this country, but 
also in Europe, the paper being historical as well as repre- 
senting experience. The experience of a large number of rail- 
road companies was given, and all the telegraphic companies, 
and they all hold that there is no value in coating the butts 
and poles if they are green. To the contrary, it is even possi- 
bly a detriment, and if the poles are to be coated at all, they 
hold there is no value of coating any except just the section 
about eighteen inches above and below the ground, and that 
the pole being thoroughly coated over the end forms a recep- 
tacle in which moisture accumulates and dry rot occurs. The 
same thing, I find, has been the experience of a number of post 
planters in this country with redwood. In every case where 
fences have been protected by tarring the butts of redwood 
fence posts, there has been, if anything, a lessening of life, if 
it is thoroughly coated to the end. That I do not give as my 
own experience, but as the result of a large amount of accumu- 
lated experience as given in the discussion before the Ameri- 
ean Society of Civil Engineers. 

Mr. VAN Norpven. I would like to ask a question in this 
connection. I was recently advised by an experienced lineman 
to remove the earth around about the poles, two or three 
inches from the poles and a few inches into the ground, and 
pour a gallon of tar oil around it, so that the pole would be 
tarred just above and just below the surface of the ground, 
and then put back the dirt. Has any one experience upon this? 

Dr. PeERRINE. That is one of the methods of treatment given 
in this paper I speak of. It is said to be efficacious, and it is, 
moreover, the only method that is held to be of any value. 
In France they set poles by enclosing them in split terra cotta 
pipe extending for a few inches above and below the ground 
line for eighteen inches or so. 

Mr. Jones. That is for the preservation of the pole itself at 
the ground line? 

Dr. PERRINE. Yes. 

Mr. Jones. I built a line in Evanston, Wyo., eleven years 
ago, using white Oregon cedar and California redwood poles, 
and last year I had a chance to examine the line again, and 
found that, while the outside surface of the redwood had been 
worn off, the balance of it was perfectly sound just above and 
below the ground line, where it wastes and wears away from 
the action of the weather. A portion of about ninety miles of 
white Oregon cedar pole line that I built in Salt Lake ten years 
ago was examined last year and found to be in good condi- 
tion, which proved that the cedar had not rotted. These were 
sawn square cedar poles; the poles having sap were rejected 
in the original lot, and I imagine that sawn square cedar poles 
will last from twenty to thirty years in perfectly safe condi- 
tion. The Bell Telephone and Western Union Companies have 
used very large round poles with the sap in the same locality, 
and after the poles had been erected narrow channels were 
dug around the poles from two to three feet below the surface 
and these channels were filled with rock salt taken from the 
beach. These companies contend that rock salt is the very 
best protection that can be given to the poles at the surface, 
but I don’t know whether it is so or not. I do think, however, 
that while Oregon cedar and California redwood are all right 
without any preparation. In 1866 the Union Pacific Company 


built a creosote works in Laramie, where the tires required for 
300 miles of railroad were creosoted. After the job was fin- 
ished the plant was shut down, and the company has been 
waiting ever since to see whether creosoting ties is advisable. 
The question is whether creosoting increases life sufficient to 
pay for the cost of doing it. It is necessary in cooking wood 
in creosote to inclose it in an iron take under heavy pressure, 
so as to force the compound into the wood for an inch or a half 
or two_inches. To do that to poles would take a sixty-foot 
cylinder under high pressure, and it is a question as to 
whether there is any commercial value in it to compensate 
for the expense. I don’t believe there is. The poles are good 
when set originally as they were cut, but get good timber. 2 

Mr. Suarp. In Southern California there are two different 
plants in which the earth has been dug from around the poles 
for the depth of a foot or so, after which from one to two gal- 
lons of crude oil is poured in and allowed to settle and soak, 
when the earth is put back again and tamped. 

Mr. Jones. These methods are all the same, but none of us 
will live long enough to learn how long the poles will last 
under such treatment. 

The convention then adjourned to the day following. 


SECOND DAY’S SESSION. 

The second session convened at 10 a. m., President Pce. A. 
Poniatowski in the Chair. 

THE PRESIDENT. We will begin the session by listening to 
paper by Prof. Cory on “ The Regulation of Alternating Cur- 
rent Generators.” 

Prof. Cory then read the paper reproduced as the leading ar- 
ticle in the Journat for August (Volume VIII, page 33). 

Dr. Perrine. The point that Prof. Cory has brought out 
here so clearly seems to me to be very important. The impor- 
tance of our line losses with an inductive load is very great. 
There is a great deal of talk about wattless current and induc- 
tive load, but the electromotive force consumed by resistance 
is always in phase with the current, and in consequence to 
supply an inductive load over a line consumes just as much 
power as though the current sent were supplying a non-induc- 
tive load. In this case I have forgotten the figures exactly, 
but the line on the non-inductive load, I think, consumes 33 
kilowatts, and with the inductive load it is 51 kilowatts, and 
that with a power current only increased by about 25 per cent., 
namely, from 50 to 62 amperes. Take the case of starting a 
motor on an inductive load, you will have not the variation of 
the current by 25 per cent, but you have the variation of the 
current by 200 or 300 per cent, and sometimes four or five hun- 
dred per cent. Consequently, your line loss will vary from 
what you originally estimated to four or five times that amount 
of loss. Take a line built for ten per cent. C: R drop, and 
load that line full with non-inductive load, you have got ten 
per cent C2 R drop in the line and ten per cent of your energy 
constantly wasted in the line. Now, substitute for that non- 
inductive load a motor of the same capacity, and let that motor 
take four times your normal current to start it, then the line 
drop immediately jumps from ten per cent. of your energy to 
forty per cent of your energy. And that is the reason that in 
some cases they find that this wattless current not only drops 
the voltage out of sight, but drops the water wheels out, and 
that is a matter that deserves a great deal of attention. In a 
plant in the Hast—I spoke to some gentlemen about it yester- 
day—they have a motor of abut 100 horse power which loads 
full at all times a 300 kilowatt dynamo, and the whole is fig- 
ured for 300 kilowatts, but all they can run is that 100 horse 
power motor. It is a motor of such bad power factor that it 
takes full load current from the generator and brings the line 
loss up to the full load line loss with only one-third of the 
power. What happens when the motor starts I don’t know, 
but it is a matter of exceedingly great importance. All of these 
experiments, and all the experience that I have been able to 


come across in connection with running lines, emphasize the 
fact that it is not possible to neglect the power factor at start- 
ing, for your bad power factor at starting does require such 
currents as consume a very large amount of energy over the 
lines. 

In a solution of the problem due to F. G. Baum there is 
given a dynamo having a toothed armature with four teeth. 
The armature and fields have regular windings. Now take a tap 
off the armature circuit, and in the tap put a self-induction in 
parallel with a capacity. Then take a few turns of this circuit 
around one of the poles, and come back to the other side of the 
line. So regulate the self-induction and capacity that at nor- 
mal speed the current will flow through this combination, as 
though it was non-inductive resistance; then the current will 
be in phase with the armature current and have exactly the 
same effect as the armature current at normal speed. If the 
speed drops, more current will flow through the capacity than 
through the self-induction, and you get a leading current 
through this, and the voltage will keep up. If the speed rises, 
the current will drop through the capacity and you will get a 
lagging current through this circuit and the machine will be 
undercompounded. So you will get constant voltage no matter 
what is the speed of the machine within the limits capable of 
being controlled by the size of the coil and the size of the con- 
denser. For an increase in speed the self-induction will take 
the most current, and you will get a lagging current, and the 
voltage of the machine will drop off correspondingly, so you 
will still get normal voltage for an increase of speed. For a 
decrease of speed you will get a leading current, your machine 
will be overcompounded and you will still get constant voltage 
for variations in speed such as are capable of being controlled 
by the size of the capacity and self-induction. 

Pror. Cory. How about the self-induction of the external 
circuit? 

Dr. Perrine. That is altogether outside of this. It makes 
no difference what happens outside of that circuit at all, for 
a normal periodicity the current flowing through the circuit 
will be absolutely in phase with the electromotive force. Now, 
when the speed falls the current will be leading; when the 
speed rises the current will be lagging, and you have got a 
machine that is compounded for variations in speed. 

Pror. Cory. I think it is practically impossible to build a 
condenser which will have any appreciable effect in over- 
coming the self-induction of an ordinary induction motor. I 
was once interested in determining, under certain circum- 
stances, how big a condenser it would be necessary to con- 
struct to counterbalance the self-induction of a certain induc- 
tion motor. I found that it would be necessary to build a con- 
denser 60 feet by 100 feet by 80 feet. Now, we cannot do that. 
It is all right at high voltage and high frequency, but practi- 
cally we don’t have our motors running on such circuits. 

Tue PreEsIpent. If there is no further discussion on this 
subject, Mr. Lewis A. Hicks will read the paper he has pre- 
pared on “Electrically-Driven Centrifugal Pumps.” 

Mr. Hicks. In presenting the facts of this paper, the de- 
tailed account of the experimental work may seem somewhat 
elementary to some of you. I trust you will pardon this be- 
cause in my own investigations the nature of the data which 
has come to my attention in the form of literature on the sub- 
ject has been so thoroughly unsatisfactory that I have en- 
deavored to make my own statement of conditions so clear, 
step by step, that there will be no gaps in the conclusions so 
far as the experimental observations go, due to unstated con- 
ditions. 

These curves are of no particular interest, perhaps, except 
that they bring out some interesting conditions in regard to the 
changes in the power factor and efficiency of the motor, due 
to increase in voltage; but, of course, for the purpose of this 
experiment they are very important, because it was necessary 
that from the start to the finish of the test I should be per- 
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sonally cognizant of what we were doing. I saw no other way 
of doing that than by making the friction brake test, which 
amounts to rating the electrical instruments used. 

I want to call your attention to the fact that the efficiencies 
shown by this diagram of the various forms of runners de- 
livered to us for testing ranged from 68 per cent. to 63 per 
cent., while the efficiency of belted pumps of previous installa- 
tion were from five to fifteen per cent. lower than the vertical 
type tested; so we made a net saving, and although we had 
specified only 50 per cent. as the lowest limit to the contractor, 
we actually obtained from 65 to 68 per cent. 


The paper on “Electrically-Driven Centrifugal Pumps,” as 
appeared in the initial article in the Journal for July (Vol. 
VIII, page 3) was then read by Mr. Hicks, after which an ad- 
journment for luncheon was taken. 


AFTERNOON SESSION—SECOND DAY. 

THE PRESIDENT. We will now take up the discussion of Mr. 
Hicks’ paper. 

Mr. GILBERT. We were about to install a centrifugal pump 
driven by an electric motor, and very much to my astonish- 
ment the pump manufacturer informed me that there was a 
critical point in the head under which that pump would act, 
at which the motor might become overloaded, that point be- 
ing, as he had fixed it, considerably below the maximum lift of 
the pump. It struck me as absurd. I afterwards learned it 
was not absurd, but it had certain limitations. If that gives 
you a clear idea of the case, I would like your idea as to 
whether that point exists. 


Dr. PERRINE. I would like to answer that question. I think 
it is answered very clearly in the diagram. The point came 
up a year and a half ago as to whether we would not burn out 
a motor if the head dropped off. As Mr. Hicks read his paper 
I was watching this diagram to see if that point came out, be- 
cause at the time of the meeting we had, Mr. Cobb and I after- 
wards consulted Prof. Hoskins, Professor of Hydraulics at 
Stanford, and none of them could answer it. They said it 
needed experimental information. I think Mr. Hicks has given 
it to us. I would like to answer that question as it appears to 
me from the diagram, and see if I am correct. Here we have 
the curve of the discharge with a varying head. The discharge 
increases as the head falls off up to a certain point, when it 
becomes almost practically constant, and at the same time we 
have a curve of the useful work. If the pump is normally 
operating at this head, say 110 feet, which is this point on the 
eurve, and the head falls to 98 feet, you will get a little over 
one-third more work called for by the motor, but if the motor 
is operating when the pump is operating at its maximum ef- 
ficiency, that is, almost the point practically of maximum work, 
and if the head falls off, the work will fall off, but if the pump 
is operating at lower than its point of maximum efficiency, it 
is also working at lower than its point of maximum work. So 
if the head falls off, the work will increase. In the case of this 
pump the work would increase to about one-half times the 
work it was doing previously, that is to say, at 110 feet the 
work is delivering 10-horse power, and it is also using an 
equivalent. Now, at 100 feet it is using 15-horse power, and at 
something like 98 feet it is using a little above 15-horse power, 
so the work would go up one-half times, but if the pump was 
working at its point of maximum efficiency then a fall in the 
head would mean a decrease in the work rather than increase. 
Am I right on that? 

Mr. Hicks. That is correct as applied to the useful work 
and substantially so with regard to the mechanical input. Mr. 
Gilbert’s question is further answered by the fact that this 
theoretical work curve has a maximum value at two-thirds of 
this height, and by no possible combination of circumstances 
could the useful work have a greater value at a lower head. 
The mechanical input might still continue to increase slightly 
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after the useful work commenced to fall, as was true in this 
case, as shown by the tabulation, but in any case it would be 
very slight after the work curve reached its maximum, and 
with the load curve falling off rapidly must quickly commence 
to decrease. 

Mr. GiLtpert. But the load could be considerably greater 
than the load upon the maximum lift, so that a motor working 
under a full head might not have a maximum load. 

Mr. Hicks. It is answered in this way, too: The horse 
power going into the pump at no discharge—at 120 feet lift 
with no discharge—amounted to 24 horse power. Now, at the 
next point of observation below that, where we had 203 gal- 
lons of discharge, the horse power was only 27; in other 
words, to produce 203 gallons discharge only required three- 
horse power, and the maximum horse power actually required 
to be delivered by the motor at any height of lift was 3814, and 
on the lower end of the load you will see how that runs down; 
instead of running back to 24, it only gets down to 31; that is 
to say, along in here where the discharge is practically con- 
stant your power is about 31 horse power, while your maxi- 
mum horse power is about 36. 

Mr. Ginpert. Perhaps you can answer the question in a 
more general form. We will assume that a motor discharging 
say, at thirty feet the head, was working to its full capacity, 
through some change in the water level that head may drop to 
20 or 15 feet, would the motor then be overloaded, or would 
there be any point below the maximum lift where the motor 
might be overloaded? 

Mr. Hicks. It would be utterly impossible, because as I 
have suggested just now, the maximum useful work would be 
at the height for which the runner was speeded, and if the 
motor were not overloaded at this point, any slightly increased 
demand on the motor at any lower height of discharge could 
not be regarded as a serious overload, to an induction motor. 
Does that answer the question? 

Mr. GiiteerT. It was through Mr. Barbour that I had the 
discussion with the manufacturer. At that time he took the 
part of the manufacturer. I used practically the latter part 
of your argument against that idea, claiming it was impossible. 

Mr. BARBER. It seems to me Mr. Hicks’ argument shows 
that the contention of the manufacturer was wrong at that 
time. 

Dr. Perrine. If the manufacturer rated the pump at a 
greater lift than the maximum efficiency, then the pump might 
overload, might it not? that is, the maximum lift, or the lift 
on that pump to a maximum efficiency is about 88 feet at that 
speed. If they should rate that pump at that speed for a 110 
foot lift, then a fall to 98 feet would call for more work in that 
motor. Now, do they ever rate them that way? Do they rate 
them at a higher average than a maximum efficiency? 

Mr. Hicks. They rate the pumps as though the periphereal 
speed had a constant relation to the head, regardless of form 
of vane used. This is absolutely incorrect; that is to say, the 
facts shown in the paper and the various experiments quoted 
indicate that this relation isvariable, and varies with the shape 
of the vane. A proper speed rating of any pump can only be 
obtained by making the actual experiment with that pump, and 
finding out what speed is required to raise the water to a 
given height; in other words, the value of K, which varies 
from 400 to 800, must be determined by experimert, or known 
for the form of vano used from previous experience, and the 
pump may then be properly speeded for the height of lift de- 
sired, and its economical discharge, by the formula: 

V = K/y/c& where V = peripheral yelocity in feet per min- 
ute; K = a coefficient depending on the form of vane and to 
a slight degree on the height above sea-level; C = a coef- 
ficient representing the ratio between the actual lift h and 
the hydrostatic head H created by the runner at a velocity 
V with no discharge. 

The value of C as observed varies from 1.25 to 1.33, and 


might under ideal conditions approach 1.50. The manufactur- 
ers’ standard speed table will not usually enable you to speed 
your pump correctly to obtain the best efficiency for the given 
conditions, because it is only applicable to one set of condi- 
tions You may find it best to run 10 or 15 per cent. slower or 
faster than indicated in such tables. This points to the neces- 
sity of careful adjustment of runner diameter to required work 
where direct connection to constant speed motors is contem- 
plated. 

THE CHAIRMAN. 
Hutton. 


Mr. C. W. Hutton then read the paper entitled “By What 
Method Shall be Determined a Fair Return for Current Sup- 
ply,” appearing on page 15 of the JourNnAL for July. 


We will now listen to the paper of Mr. 


THe CHATRMAN. Gentlemen, have you any questions? 

Mr. Martin. To start the discussion, Mr. President, it has 
occurred to me that while we object to the cost of the ordinary 
recording wattmeter of this day, the many complications and 
different types submitted by that paper would make us very 
weary indeed. The problem, as submitted, is rather ingenious 
if we can carry it out. A great many plants are already 
started on a basis which are very difficult to change. The idea 
of determining a fixed minimum charge is a very good one. 
The fixed charge must necessarily change as your load in- 
creases or decreases, or as your expenditures increase or de- 
crease, and in that way you would have a constantly changing 
rate which might never be satisfactory to the customer, par- 
ticularly if you were unfortunate enough to have a much 
greater increased operating expenses, and depreciation without 
any increased benefit to the customer. 

Tue CHAIRMAN. Mr. Gilbert, what is your idea about it? 

Mr. GinBert. I had expected from the title of Mr. Hutton’s 
paper that I could offer some criticism on it, but I must say 
he has covered the ground so completely and ingeniously I 
can say very little in addition to it. I must say that the 
scheme is very pretty from a theoretical standpoint, and from 
experience with customers, dealing with them under competi- 
tion, I would not like to take up the subject without studying 
it more carefully, but there are many ingenious suggestions 
that might be very valuable. It is a paper that should be 
studied before criticism. I would like to hear from Mr. Van 
Norden. 

Mr. VAN NorpEN. I am reluctant to express any snap judg- 
ment in this matter. The paper involves a good deal of in- 
tricacy, and I want to read it carefully There are one or two 
little things I can certify, though the paper seems to me to be 
admirable in its method and spirit, and I have no doubt the 
suggestions are extremely valuable, and will prove so on close 
study. But one or two little faults I am inclined to find with 
it. One is the very large expense of the proposed plant. I 
don’t see why we should require $800,000 to develop such a 
plant as is described in the paper. I am sure it could be done 
for one-half or less the money, so that part of the calculation 
based upon that estimate, it seems to me, cannot be correct. 

Mr. GILBERT. Would not that be purely relative? 

Mr. VAN Norpen. I suppose so. As I say, I have very slight 
criticism. Then, with regard to the cost of light, I was not 
aware any company ever sat down and estimated what the 
custom ought to be, but I find as a rule they get all they can, 
all they can safely charge and collect, and in case of competi- 
tion they get sometimes a good deal less than would cover the 
interest on their investment, and so on. We are governed en- 
tirely by the situation. Take our situation in Sacramento, for 
instance. We cannot get more than so much. If we attempt 
to, the business goes to the Folsom company, and they can- 
not get more than so much, or the business comes to us; and 
it is very difficult to make any arrangement that is legal, and 
that would be binding, by which you can entirely eliminate the 
element of competition, and arbitrarily fix the rate on some 
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principle that seems just or possible to the parties selling 
power. I am strongly inclined to think our present method is 
the right one, that is to charge a rate that will give us a fair 
return on our investment, is what we consider good business, 
but make the rate as low as possible, and, we think, that by 
the low rates we have in Sacramento, and they are probably 
the lowest on this coast, that we have very greatly enlarged 
and extended our business. Sacramento is not a city of great 
wealth; there are a great many poor people who live on 
wages, and have little homes that they like to have well il- 
luminated. The stores, as a rule, are not very large, nor do 
they represent a great capital, and the reason it is the best 
lighted city on the coast is that the rates are so low. There 
is plenty of power in the mountains, and perhaps we will 
never come to that point, but if we should the best thing 
would be to establish a meter rate. That would lessen the 
business somewhat, and would free a great deal of power, but 
we would get as much for the smaller amount of power, and in 
course of time we would sell the balance of the power. The 
next thing would be a storage plant, but the meter arrange- 
ment should come first and then the storage plant. That is, 
supposing we have a limited amount of power which cannot 
be increased except at great expense. I don’t see any reason 
why we could not have 10,000, 20,000 or 30,000 horse power in 
Sacramento at a reasonable rate. I know I can bring power to 
Sacramento, the amount of power mentioned in the paper, at 
half the sum of money mentioned. So that whether we ever 
reach the point where we have only a limited amount of 
power, and must make the most of it or not, I don’t know, but 
I am quite confident that in the present situation our plan is 
the best one, a low rate, and, as a rule, a flat rate. Some of 
our customers insist upon the meter, but they generally give 
it up and go to the flat rate. At first it is abused—badly 
abused. It is always abused by some people, not many, but in 
the course of time the great majority treat us pretty well. 

Mr. Hurron. I would like to ask the doctor one question: 
supposing that he had a certain number of kilowatts of his 
plant allotted to supply a certain service, and that he found 
after furnishing them on the basis of a flat rate that he was 
fully loaded, and something would have to be done in order 
that he may carry more customers, whether he would consider 
the proposition of buying more transformers, increasing his 
generator capacity, rather than resorting to the use of meters. 
He says there is unlimited power. That is undoubtedly true, 
but it seems to me a few dollars spent in meters, and being 
able to supply more people in that way, would be better than 
to buy more machinery. 

Mr. Van Norpen. Of course, when we put on a meter we 
restrict the comfort of our customers; they don’t enjoy the 
light as they did before, because they are always economizing. 

Mr. Hutrron. According to the method I have given you 
there, a customer can use as much as he pleases. 

Mr. Van Norpen. That is an excellent method. I am not 
criticising it at all. I simply want time to think it over. 

Mr. Jones. This question of rate for power is a more im- 
portant one with us than any other feature. We find little 
difficulty in producing and distributing power, and but little 
more difficulty in selling it, particularly where the customers 
are large mines and mills, and the power is to be used in min- 
ing and milling work generally. The managers of these 
properties all belong to the club; they get together regularly 
and talk; they compare rates with one district and another, 
clear back to the Niagara Falls; they talk about Portland and 
Montana rates, and rates in California, and they will not con- 
sider that the difference in the value of the power entitles us 
to any more than is obtained in some other localities where 
power is produced cheaply. In most of these districts coal 
transportation is expensive, and in other cases water for boiler 
purposes is very expensive. The contract which we have so 
far made in every instance has been either on flat rate or by 


what we term milled tons. In milling, concentration works, 
or cyanide works, it is very easy to get at the milling ton 
problem. They run night and day as long as their mills are in 
condition to run, and it is not difficult to determine about the 
amount of power each of those mills is using. After deter- 
mining that, it is more practicable to apply a mill-ton rate to 
that company than a meter rate. If we were to-day to meet 
some of our customers on a rate of one cent. per kilowatt hour, 
they would turn us down, because the leading mining men of 
the country confer with each other on their ability to produce 
power at a very low cost. Many of them are not competent 
men in the power business; they have never measured their 
power; they usually consider they are using twice or three 
times the amount of power they actually consume, and they 
call it robbery to apply a recording wattmeter measurement to 
them, even though we give them a very low rate. The lowest 
rate we have ever offered was a service charge rate, based upon 
the capacity of the motors installed; that rate was $30, and for 
the power they used one cent a kilowatt hour. The largest 
portion of that mill is run only eight hours a day, hence the 
load factor is too low for us to supply. 

The question is how can these things be accomplished? 
How can we get the customers, and still make a little profit 
out of the sale of the power? With the Golden Gate Mill this 
rate would be an elegant rate, and could be reduced, because 
they have between six and seven hundred horse power in 
motors installed in the mill, but the uniform power is between 
three and four hundred. The service rate would give us a 
good capacity of power. Their power is continuing twenty- 
four hours, but the majority of the mills use power but eight 
hours or twelve hours for certain departments, and in other 
departments the same works continue twenty-four hours the 
entire year, but the rates which we can charge and get to 
make a profitable business is the only difficult problem we 
have. It seems to me, from what I have gathered by convers- 
ing with the different members here, that the California rates 
are exceedingly low; I don’t hardly see how they can do it. 
I hope our Mormon brethren will not say much about their 
rates while in California. I would like to learn more particu- 
larly what rates are charged by the different companies here 
in this country if it is possible to do so. If I cannot get it 
otherwise, I will have to get it “on the side.” 

THE CHAIRMAN. It does not seem there is a very great dif- 
ference between the rates charged by the different companies. 

Mr. Jones. They are nearly the same, do you think? 

THE CHAIRMAN. I should say so. Take flour mills from 
north and south, I know two or three different companies giv- 
ing power; the rates are very nearly the same. 

Mr. VAN Norpen. Is it because it is the same flour mill? 

THE CHAIRMAN. Take traction; you see the street railroads 
in San Francisco, Los Angeles, Portland will have very much 
the same rates. 


Mr. Jones. Do you refer to the continuous twenty-four hour 
service? 

THE CHAIRMAN. LEighteen or nineteen hour service. 

Mr. Jones. At about what rate would it be? 


THe CHAIRMAN. We cannot very well disclose our rates 
here; every contract is a special case, and we have to meet 
each time different needs, but although the form and the con- 
ditions of the contract may bring about very material changes 
for us, our clients, as a rule, end by obtaining power at al- 
most the same prices. 

Mr. VAN Norpen. I have in my desk a list of the prices of 
all the lighting companies on the coast. It was correct, per- 
haps a year ago, but I don’t know that it is correct now. I 
have not recently verified the figures, but the rates were very 
much higher than those that prevailed in our neighborhood, 
and there is very, very great difference in the rates. 

THe CHAIRMAN. We nearly all have the same ways of 
charging. We will make a charge per lamp, and when the cus- 
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tomer uses a great many lamps we give him a large discount. 
A man having fifty lamps or one hundred or two hundred has 
large disccy:ints. It seems to me that the small consumer of 
four or five lamps—a man will never get six or seven lamps, 
he stops at four or five—is the kind of a man who uses gas for 
ten years after electricity is in the town, and it would be in 
this direction that the load would be really increased to the 
greatest advantage, because in a town like Stockton, Fresno, 
San Jose, and others, are seen a great number of people still 
using gas, because they say the price of electricity is too high 
for four lamps. As a rule you only give discounts for large 
units, and in the smaller towns, after ten or twelve customers 
are taking electricity, the growth ends, and it will stand there 
for ten years. To get at the little customer you must have a 
low rate per lamp, because then you can go from one to two 
thousand lamps—you cannot get farther than 2000 lamps in 
some towns. The customers you want to get are those who will 
change from gas to electricity—the customers consuming two 
or three or four lamps per head—and their rate is, say, 15 
cents, while the rate for the large customer is down to six or 
seven cents. I don’t know what the rates in Sacramento are, 
but it seems to me it is the best town for electric lighting in 
California. 

Mr. VAN NORDEN. 
sene, a great deal. 

Mr. Martin. I had a peculiar experience in a small way in 
regard to the charge for meter service. One of our small 
patrons had a tank for irrigating purposes operated by a two- 
horse power gasoline engine, and we installed a one-horse 
power motor, with the understanding that no power was to be 
used during the lighting period or during the night time. The 
party objected to paying on a meter basis, our rates for small 
power being practically five cents per kilowatt hour. We put 
a wattmeter on to determine what was being consumed in one 
month, although we had agreed upon a flat rate of $2, and we 
found that we were getting 28 cents per kilowatt hour at that 
rate for the actual service. 

There is quite a difference of opinion in respect to rates. 
Some plants are more favorably situated than others. There 
have been a number of installations through the United States 
which have been made unwisely. Some people thought that 
all they had to do was merely to post a notice up on a stream, 
and that made an electric power plant. They did not stop to 
consider the element of cost or the element of investment per 
horse power. Some plants are heavily burdened with bonded 
debt, and it is with those companies the greatest trouble is ex- 
perienced. You take a plant with an investment of $100 or 
$150 per horse power installed. That company sells an average 
of thirty to fifty per cent. of the installed power, and they can 
very profitably dispose of it on a basis of one cent per kilo- 
watt hour in large units; but when you reach the point of 
three, four or five hundred dollars per horse power installa- 
tion you are then loading yourself with fixed charges, which 
are abnormal to start with, and you cannot expect the con- 
sumer to purchase power from you when he can produce it 
cheaper from another source. 

Mr. Hurron. There is one further remark I would like to 
make about the curve in my paper. The curve is a theoretical 
eurve of the cost with a given amount added to it; that is, the 
interest, depreciation, and so forth, which is also supposed to 
appear in the dividends. The length of the perpendicular lines 
at any point indicates what you could afford to sell that cur- 
rent at and still be on a paying basis. At a certain point, if 
I could sell all the power I had for twenty-four hours a day, 
thirty days in a month, I would charge on the basis of a cus- 
tomer using one kilowatt connected and running twenty-four 
hours per day, thirty days in the month. This would use 720 
kilowatt hours in 2 month, and I would have to charge him 
that fixed charge of 3% per kilowatt plus seven-tenths of a 
cent per kilowatt hour. If my average was only, say, sixteen 


Electric light is cheaper there than kero- 


hours, that would change the situation, so that if the cus- 
tomer used current on an average sixteen hours a day, thirty 
days in a month, I would still have to charge that three and 
a haf for the fixed charge, and as they would use 480 kilo- 
watt: a month, I would have to have a little bit high rate per 
kilov-att hour, so adding this to the preceding would make my 
total fixed expenses, which, in the case cited, would be nine- 
tenths ofa cent. As you advance along here it simply goes to 
show that customers who use the current for longer hours dur- 
ing the day, the rate keeps dropping, you can afford to make 
them until you come way up here. Suppose you have a plant 
loaded down, and they only used it for two hours a day, you 
would have to charge them on the basis of six to nine-tenths 
cents per kilowatt hour, and three and a half for every kilo- 
watt connected. In any plant you can take the corresponding 
figures, and it will always show you what rate you can afford 
to make per customer, that burns a given number of hours. 
In other words, take a customer who if he is going to burn, say, 
four hours per day, here is given the rate you can afford; and 
if you have customers who are going to run twelve hours, here 
is the rate you can afford to furnish them. There were four 
classes of customers spoken of, and one of them was the class 
we would get from the pumping plant along the line. As I 
said before, they would have nothing to do with the peak load, 
and what revenue we would get from them would be clear 
gain, because this curve is plotted on the basis of the peak 
load. In the case of a short-hour customer it would climb up 
so high he could not afford to pay the rate, and there is al- 
ways a good income from those people, and we gradually drop 
that rate, but we will have to put a little bit more onto these 
fellows down here that burn from four to six hours a day. In 
the case of the Sacramento plant, I should judge that fully 
ninety per cent. of our customers would use one kind of a 
meter, that would be the meter I spoke of, which would indi- 
cate the customer’s actual demand, and if he wanted to he 
could push the button and add more. Then there would be the 
other class of customers who use power for long hours, and for 
those that want to install a maximum demand indicator, and 
you can have that made in the form of a wattmeter, and you 
would be serving two kinds of customers with wattmeters, 
which would be identical, and the other class would be furnish- 
ed by another kind of a meter with a slight modification. 

Tue CHAIRMAN. The peak load seems to be always in the 
way. I think this Association should be fully enlightened as 
to what can be done with a large system of storage batteries 
at the terminal of transmission lines so as to get around the 
peak load. It seems to me that it will be possible to have a 
plant sending a constant current twenty-four hours, that is, 
sending the average load and having the storage take care of 
the peak load; a uniform rate per K. W. hour, regardless of 
the peak load, will then be the best, and under such conditions 
of service a good price can be obtained. 

Mr. Hurron. One thing that is particularly against flat 
rates is, that the customers will waste the light; they waste 
the power; they don’t turn them off when they should, and 
the result is in our case in Sacramento we have a peak load 
four and a half hours wide, and a storage battery is out of the 
question, you could not do anything with it. 

Mr. Gitpert. The Sacramento case is peculiar. 
peak occurs only a few months in the winter. 

Mr. Hutton. I have a curve here which shows the residence 
lighting alone, and that peak is four and a half hours wide 
entirely lighting. 

Mr. GILBERT. 
week? 

Mr. Hutton. This is for an average of days. 

Mr. GILBERT. That is a flat rate. 

Mr. Hutton. Yes, the peak load reaches the maximum at 
half past five, and falls off gradually until it has only fallen 
off about ten per cent. at half past nine. 


That wide 


For an average for a week or one day in the 
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‘Tue CHAIRMAN. I wish to say a few words before closing 
this session: The benefits derived by all of us from this As- 
sociation are evident, but I believe that they can be materially 
increased if you help me to successfully carry through. the fol- 
lowing program: 

Instead of an annual session, such as we have just held, I 
propose to organize during the year a series of monthly meet- 
ings of less magnitude, but which will keep us more constantly 
in touch with each other. 

My main objection to annual sessions held by any organiza- 
tion is that I do not believe that it is possible for unprepared 
critics to get up and discuss with intelligence a series of eight 
or ten papers, which have been the object of serious considera- 
tion, and two or three months’ work on the part of their 
authors. Don’t you think that we will do better in obtaining a 
communication from some interesting source on one subject 
at a time, the same being printed and addressed to every mem- 
ber of the Association on the fifteenth of the month; an in- 
formal meeting to take place in San Francisco on the last day 
of the same month, when every one of us could bring to this 
meeting notes and data concerning that one subject after fif- 
teen days of possible study? 

I will go further and say that I really think we would de- 
rive still greater benefit by obtaining such papers from other 
sections than California. For instance, we might obtain from 
the best constructor of hydraulic wheels in Switzerland, a 
paper on their most recent designs or application. And I think 
that such papers can easily be obtained if, in return, we agree 
to send to their authors a copy of the report of our discus- 
sions thereon, so that they will thus obtain a most interesting 
appreciation of their own work, furnished by ten, fifteen or 
twenty authorized critics with whom they: could not otherwise 
communicate. 

This is only an outline of the policy which I believe your 
Executive Committee should try anyhow. You may object to 
this on the ground that very few of you can come to monthly 
meetings. I will say that all those within a reasonabie range 
of San Francisco have to come to San Francisco at least once a 
month, and would very likely make it an object to come on 
those regular dates. For those established in the far North or 
South, they would receive a copy of the paper on the fifteenth, 
and could, without much work, commuicate in writing their 
observations so that the same could be read and spread on the 
minutes; also, a copy of the minutes of each meeting would be 
addressed to every member of the Association, so that each 
month those not present at the discussion would anyhow be 
informed of its proceedings. 

Annual meetings give to any association a nominal vitality, 
but the intrinsic value of the work accomplished at such con- 
ventions is, in my judgment, the lot of the eight or ten men 
who have prepared the papers. Of course, some new accom- 
plishments may be brought forward at such conventions, but 
this is seldom the case with the present speed of development 
in electrical art; and any new accomplishment cannot be bot- 
tled up for four or five months, and, if of any great interest, 
has to be spread at once. Our monthly sessions would keep us 
informed while we need such information, and not eight or ten 
months afterwards. 

It will certainly take your Executive Committee during the 
coming summer to organize this new plan and obtain the pro- 
posed papers from the outside, but I think that from October 
on we will be in shape to inaugurate this new system for which 
I ask your hearty support. 


On motion, the meeting adjourned. 





Those who are desirous of securing information concerning the 
rapidly growing mining interests of the Kootenay district would 
do well to secure a copy of the July Annual of the Avotenay Min- 
ing Standard, which 1s a well-illustrated and very readable special 
edition of the leading mining paper of that portion of Canada. 


Gorrespondence 


THE GREEN-HOWARD GAS CONTROVERSY. 


ITHIN the last month considerable attention has been devoted 
by the San Francisco dailies to the action brought by 
Willard R. Green against cixe known to many prominent 

San Franciscans as Augustus Howard, or by his racing associates 
as *‘ Plunger Hill.’’ Many important details of the operations of 
Mr. Howard have been brought to light through scores of columns 
in the daily press, yet the circumstances which were really instru- 
mental in deciding Mr. Green to take action against Mr. Howard 
have so far been known to but a few. 

It has already been stated in the San Francisco Ca// that Mr. 
Green met Howard in September, 1897, and subsequently became 
interested in a process by which, it was represented, one could 
produce a gas possessing all the desirable features of acetylene, 
with many of its undesirable ones eliminated, and at a cost such 
as would make it marketable for purposes of illumination. 

To effect this has been the aim of some of the brightest chemists 
of the day, and has involved the expenditure of enormous sums. 
To one who had successfully promoted gigantic business enter- 
prises, the value of this proposition was at once apparent, and 
with a full realization of the magnitude of the venture, Mr. Green 
spared neither pains nor expense to fully satisfy himself as to the 
correctness of Howard's assertions. Retorts were constructed and 
furnaces erected in such a manner as to apparently preclude all 
chance of deception. The ingredients were entirely furnished 
(supposedly) by Mr. Green, who witnessed the proportionment 
and subsequent mixture. The introduction of the mixture into 
the retorts, the subjection to heat, the removal of the product (a 
solid material resembling calcium carbide), and the production of 
a gas therefrom (said to resemble acetylene), were conducted 
openly. Mr. Green even took further precautions by compelling 
Howard to so instruct him in all the details of the process, as to 
enable him to successfully bring about the same results. 

By way of explanation, it might be said that acetylene is formed 
by the decomposition of calcium carbide by water, chemically ex- 
pressed by the following equation: 


Ca C, (H, O), Ca OH,0 Cc, H, 
Calcium Water Time Acetylene 
Carbide 


It is but necessary to employ any of the many forms of gener- 
ators by which calcium carbide (Ca C,) is brought in contact with 
water to generate the gas acetylene, which gives, when mixed 
with air in proper proportion and ignited, a light of at least some 
250 candles, with a consumption of 5 cubic feet per hour. 

Calcium carbide is a dark brown substance closely resembling 
coal, and presenting a fracture very much like that of cast iron. 
It rapidly whitens on exposure to air, becoming covered with a 
film of lime. It is manufactured from lime and coal, the first 
supplying the calcium and the second the carbon, which unite 
only at a high temperature such as may be obtained by means of 
the electric arc. 

Many forms of electric furnaces have been devised, but the cost 
of production is yet such as to prevent the substitution of acety- 
lene for illuminating gas, even were there no other points to be 
considered. With its high candlepower however, it is quite evi- 
dent that a process effecting a considerable reduction in the cost 
of the carbide, together with an elimination of the undesirable 
properties of the gas, would possess almost unlimited value. 

It was advanced to Mr. Green, and seemingly proven, that the 
cost of the solid material resembling calcium carbide (Howard 
claimed the material to be other than carbide and the gas to be 
other than acetylene) could be reduced to such a figure as would 
allow of the production of a gas, equal in candlepower per cubic 
foot to acetylene, at the cost price of ordinary illuminating gas. 

After a thorough research, involving the assistance of well- 
known experts, who reported favorably as to the gas, Mr. Green 
negotiated for the rights offered by Mr. Howard. As the use of 
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EDITORIAL. 


It is hard to understand why electrical 
engineering in Europe has attained a 
higher plane than it has in America in 
the application of polyphase currents to 
electric traction, unless it be that the use 
of direct currents for the great urban 
cities of this country has been attended with such pre- 
eminent success that our own engineers have for the time 
being overlooked serious consideration of the advantages 
that would accrue from the development of any system 
of electric traction distinctly applicable to long-distance 
railway lines. It can not be said that the perfection of 
the direct-current street railway system has absorbed the 
entire energies of American electricians, for it is evident 
that they have found it possible to at least hold their own 
in other channels of engineering; but perchance it may 
be that the working out of the infinite details attending 
the solution of street railway problems in large cities has 
exercised a subtle influence which has tended to so en- 
gross the attention of American engineers that they have 
unconsciously adjudged the limitations of electric traction 
to be encompassed by direct current applications. But if 
the glory for the development of the direct-current rail- 
way system is our own, we must certainly and gracefully 
concede that the credit for the first development of the 
polyphase system of electric traction belongs to our 
European fellows. 

Of course the engineering departments of the great 
manufacturing concerns are fully cognizant of the general 
progress being made in each and every line of electrical 
work beyond the Atlantic, but it is not to be expected 
that the great companies will devote their energies to the 
solution of polyphase traction problems until a demand 
has arisen for equipments of that nature. Given the de- 
mand and the equipments will be quickly forthcoming; 
but at present that demand, so far as the Pacific Coast is 
concerned, seems remote, for the question of polyphase 








POLYPHASE 
ELECTRIC 
TRACTION. 


discernment. 


traction is one of population and commerce rather than 

of technical detail. Develop commercial feasibility first 

and electrical and mechanical feasibility will soon follow. 
a 

It is a pleasant day dream to soliloquize on the beauties 
of polyphase traction while the heavy train laboriously 
climbs the Siskiyous with the energy of the Sacramento 
river idly wasting beside the tank; or while a heavier 
train crosses the Sierras with the water powers of the 
Yuba on the west and those of the Truckee on the east; 
or again, to see the mightiest locomotives of American 
build struggle with the grades of the Tehachapi while 
from the waters of the Kern not far distant could develop 
sufficient power to pull a dozen such trains with ease. 
Similar conditions exist along railway lines traversing the 
Rocky Mountains and Cascade ranges, but be it remem- 
bered, that everywhere, the modern locomotive is alto- 
gether a very efficient mechanism; that coal in an engine’s 
tender at any point on the railroad by no means repre- 
sents the market value of coal in that locality; that trains 
in the West are, as a rule, so provokingly infrequent that, 
all things being considered, the load factor of any traction 
plant covering a hundred miles or so would almost defy 
Surely then, electric traction offers no in- 
ducements for climbing the principal mountains of the 
West. 

Take other instances, such as between Tacoma and 
Seattle, between Salt Lake City and Ogden, between Port 
Costa and Oakland, and beween San Francisco and San 
Jose, where trains are running at all hours of the day and 
largely through the night. ‘These instances, and particu- 
larly the two last named, might be proven to be an at- 
tractive field for the introduction of electric traction; but 
even so, it is doubtful if polyphase traction would now 
be the preferable. The distances would be from thirty to 
eighty miles or so, and some very nice questions would 
arise in making a choice. Were the service to be of local 
character —that is with frequent stops— it can hardly be 
doubted but that the direct-current system with rotary 
transformers feeding into the trolley line at intervals 
would be favored by American engineers were their opin- 
ions not influenced in the opposite direction by the absurd 
price to which copper has now risen. Under present con- 
ditions therefore, it is probable that were electric traction 
to be installed between either of the points named, the 
trains would be equipped with polyphase motors even 
though the service to be performed would be of a local 
nature. On the other hand, were the trains to make 
through runs, requiring only one starting of the motors 
during a single trip, the line would unquestionably be of 
the polyphase variety. 

Again, take the case presented at the Oakland pier 
where the Oakland, Alameda and Berkeley locals come 
ind go almost half-hourly during eighteen hours of each 
twenty-four. The conditions imposed are: heavy trains, 
quick starts, brief runs and short stops—a class of duty 
that only direct-current motors can perform with the de- 
gree of economy in operative and installation costs which 
investors would exact of electrical machinery. For in- 





’ 


’ would generalize as ‘‘too numerous to mention.’ 


THE JOURNAL OF ELECTRICITY, POWER AND GAS. 


stance, were induction motors installed in electric loco- 
motives for the Berkeley locals to take the place of the 
‘**double-headers’’ now used afternoons, where would the 
power factor be in starting the train with an acceleration 
which taxes the two steam locomotives seemingly to thei: 
utmost? Consider too, that this dose is administered to 
the generating station each and every time a local starts 
on either the Oakland, the Berkeley or the Alameda lines, 
and that the chance starting of two of these trains simul- 
taneously will double it, aad one will realize that the 
generation station must have an unassailable constitution 
to withstand these undermining draughts. Polyphase 
traction has no place on the Oakland mole today, but the 
developments of the tomorrow of electrical engineering 
may enable the telling of an opposite story. 
Fd 

But what stands in the way of making polyphase trac- 
tion immediately available? In answer one may say in 
general terms that the obstacles to the adoption of poly- 
phase traction rest in the inherent idiosyncrasies of the 
alternating current and alternating-current machinery. 
At times alternating-current phenomena are so startling 
that engineers in other professions cannot but regard them 
as fantastic theatricals; for there is nothing more emi- 
nently qualified to sorely ‘‘tax the capacity of the human 
understanding and alternating-current generators’’ than 
the considerations involving lagging and leading currents, 
self-induction, capacity, power factors, starting currents 
and torques and other functions which the schoolboy 
Ulti- 
mately the problems involved in ‘polyphase traction will 
be resolved into methods for automatically restricting the 
voltage and current to the narrow path of coincident wave 
relations, but in all probability before this is done the 
efforts of builders of polyphase roads will be directed to 
increasing the starting torque and decreasing the starting 
current to the greatest possible extent, and relying on 
ample prime-mover, generator, transformer and line ca- 
pacities to pull them through the soul-trying periods of 
starting. All this means material increases of plant and 
equally material decreases of load factor, hence it is no 
marvel that direct-current traction, which possesses none 
of these disadvantages, has won the favor of preference 


among engineers. 
Td 


Nevertheless, time is disproving the belief formerly 
held that induction motors are inherently so constituted 
that they are adapted for service only under conditions of 
continuous duty at approximately full load, for now they 
are being used with complete success as crane motors in 
mills and factories, and Prof. D. C. Jackson, in the re- 
cently-issued and incomparably superb ‘‘Street Railway 
Number”’ of Cassier’s Magazine, refers to their successful 
use in elevator service in various buildings from four to 
six stories high; and, more than this, readers of the 
JourRNAL are familiar with the hoist at the War Eagle 
mine in Rossland, B. C., which is operated by a three 
hundred-horsepower induction motor with rheostatic con- 
trol. A three-phase railway plant installed by Messrs. 
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Brown, Boveri & Co., of Baden, Switzerland, has been in 
operation in Lugano, Switzerland, since June, 1896, and 
another polyphase line in successful operation at Evian- 
les-Bains, France, was ‘installed by Messrs. Ganz & Co., 
of Buda-Pesth. The mountain railway which climbs the 
Gorner Grat is equipped with polyphase motors, as are 
also several other railway lines in Switzerland, notably 
that for the Jungtran. Still another polyphase railway is 
being installed at Varese, Italy, and it is gratifying to 
know that the installation is being made by an American 
concern—the General Electric Company of New York. 
ad 

Prof. Jackson, in discussing polyphase electric railways 
in the magazine just referred to, states that there are now 
no less than three methods of greater or less advantage, 
depending upon local circumstances, by means of which 
polyphase alternating currents may be utilized in trans- 
mitting or distributing power for electric railways. ‘These 
involve: 

First. Rotary transformers in auxiliary stations driven 
from polyphase alternators in a centrally located principal 
station, a continuous-current distribution for the heaviest 
district immediately around the principal station being 
also maintained from it. 


Second. Polyphase alternators driven by water or 
steam power at an economically located principal gener- 
erating station, with rotary transformers along the line to 
feed standard continuous-current motors. 


Third. The same arrangement of generating station as 
in the second method, which feeds polyphase motors on 
the cars. 


The first method finds a notable illustration in the street 
railway installation now being made in New York City, 
and the second method is followed out in a number of 
electric railways of the East on inter-urban lines. Of the 
third method America has no exemplification, but Europe 
has, as appears in a preceding paragraph. 

oe 


Europe also has another distinctly remarkable, although 
experimental, railway departure, namely: the Heilmann 
locomotive, which is a complete steam-electric generating 
station on wheels, making electric power only for the pur- 
pose of supplying its own motors. Although this electric 
locomotive was built in 1895, no data concerning its per- 
formance has yet been available; but its builders calculated 
that a locomotive of this type costing £6000, and having 
an output of 1500 horsepower, would be capable of haul- 
ing a fifty per cent. greater trailing load at fifty per cent. 
higher speed than a steam locomotive of equal weight 
and engine capacity, and that this result would be ob- 
tained through the use of a large and economical boiler; 
on account of few working parts and consequent small 
friction losses; by the application of a system of motor 
control which varied the current in proportion to the 
draw-bar pull and the voltage in proportion to the speed; 
that it would avoid losses in dead resistarce, and that the 
engine (driving the generator) would run at full speed 
irrespective of grades, speed or output. In this last 





74 


feature it possesses, of course, a very great advantage over 
the standard steam locomotive. 
as 

The utilization of polyphase currents for electric trac- 
tion through the use of rotary transformers along the line 
to feed standard continuous-current railway motors, passed 
the experimental stage when success attended the efforts 
which had been made to prevent the ‘‘pumping”’ or 
‘‘hunting’’ of rotaries. Now hundreds of miles of su- 
burban electric roads are so operated, but rapid progress 
in the building of long lines using direct-current system 
with feeding-in stations containing rotary transformers, 
will be forestalled so long as copper remains at prohibitive 
prices —for direct-current motors require copper (or alu- 
minum), and tons and tons of it in every railway system 
of considerable magnitude. 

All problems find ultimate solution through applications 
of the inflexible laws of commercial economy, hence to 
this tribunal must these questions concerning long-distance 
electric railways inevitably go. The ingenuity of engin- 
eers will never be exhausted, and while their preferences 
for the direct-current system are balked for the time being, 
their extremities may force them to devote their energies 
to the development of a system of electric traction wherein 
the polyphase system with high-voltage trolley wires and 
feeders will render the cost of line and feeder construction 
to be of nominal import, whereas it is a vital consideration 
at present. ‘To do this may require the building of elec- 
tric locomotives which will carry station transformers and 
rotary converters for turnishing direct current for the op- 
eration of ordinary forms of continuous-current electric 
locomotives somewhat after the manner of the Heilmann 
locomotive, but if so, so be it. Why not? 


MESSRS. KEELEY, HOWARD & CO., FRAUDS. 

For many weeks past the daily papers of San Francisco 
have had no dearth of sensational matter to cater to their 
readers; for the robbery of five thousand sovereigns from 
the treasure room of the trans-pacific liner ‘‘Alameda,’’ 
the gold-bestrewn career of ‘‘ Plunger Hill’’ at the races, 
the deceiving of well-known engineers and the fleecing of 
shrewd capitalists by so-called revolutionizing gas pro- 
cesses, the Green-Howard controversy, and the alleged 
“shaking down’’ of .Howard by the San Francisco police 
for $52,000 — with all of which the name of Howard has 
been coupled— have proven an inexhaustible source of 
sensationalism to the keen delight of at least the papers 
themselves. The engineering fraternity have also found 
the case to be not without interest, for if a tithe of that 
with which Howard has been charged is true, the world 
has cause to regret the alleged perversion of his en- 
gineering talents from the paths of legitimate operations. 

However much his gas scheme has been talked about, 
it is true that until very recently no one has yet been able 
to discuss it understandingly. A veil of mystery has 
heretofore encompassed the production of ‘the Howard 
material’? and ‘‘the Howard gas,’’ but now it appears 
from a communication from Mr. Frank H. Bates, appear- 
ing on page 71 of this issue, that Mr. Bates has had facil- 
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ities extended to him for making the closest possible 
investigations of both the Howard material and gas, and 
that his investigations have warranted him in denouncing 
the Howard gas process as fraudulent. Mr. Bates is by 
no means unknown to readers of the JouRNAL through 
the publication of the serial on ‘‘ Industrial Gas’’ now run- 
ning in its columns, and as his opinions are authoritative, 
the death knell of the ‘‘Howard gas’’ has been sounded 
in this locality. Howard is now a fugitive from justice, 
but his possible arrest and trial precludes, for the present, 
the publication of an article which has been prepared by 
Mr. Bates delineating the technical side of the gas pro- 
cess that afforded the criminal means by which Howard 
was enabled to wring hundreds of thousands of dollars 
from the hands of tight-fisted capitalists. 

Mr. Bates’ article will appear in these columns in due 
season however, and then will be known for the first time 
the most interesting features of gas engineering involved 
in the production and perpetration of the now notorious 
Howard gas swindle. As it is, the shade of Keeley has 
found a new partner in crime, and history will long tell 
of the romantic though inglorious career of the allied 
partnership of Messrs. Keeley, Howard & Co., the princes 
of nineteenth-century frauds. 


TRANSMISSION AS VIEWED BY A COAL MERCHANT. 

Those who have predicted that the bulk of power 
consumed within a radius of 100 or 200 miles of water 
power would be of the electrically-transmitted variety, 
have a new and valuable opinion to substantiate their 
views: that of John L. Howard, the well-known coal 
merchant, and perhaps highest authority on fuels on the 
Pacific Coast. In a paper on ‘‘The Fuel Question in 
California,’ read before the recent seventh annual meeting 
of the Pacific Coast Gas Association, Mr. Howard said: 

At the present rate of progress, every stream running down the 
Sierras, and throughout the length of the State will soon be turn- 
ing water wheels to furnish electric power at points more or less 
distant. Of course, one hears discussions upon the limitations of 
transmission distance; but, taking the art ten years since and 
comparing it with the present as to the per cent. efficiency of 
water wheels and generators, of the losses in the processes and in 
the transmission and delivery, it is a far cry from one condition to 
the other. Have the electricians reached the u/tima thule? Is 
roo miles, or any other distance, the profitable limit for transmit- 
ting electricity generated from streams? As in the case of oil, 
coal will be displaced as fuel by electricity in all places where it is 
proven that the unit of effective work is less costly than with coal. 

The coal trade has witnessed the loss to it of many a small cus- 
tomer who, for convenience or for economy, has purchased elec- 
tric power generated from steam at city power stations. It now 
knows that aggregations of capital have made large installations 
in the mountains, are wiring the country byways and have con- 
tracted to deliver current in the largest coal markets, presumably 
at a cost less than the buyers could generate it for by the use of 
coal. Weare promised soon the spectacle of a struggle between 
two giants in the business of light and power, each working on 
different lines; but, in the ordinary course of affairs, the outcome 
will not be upon the basis of the survival of the fittest. 

All this handwriting on the wall should be legible to the coal 
producer. He will ultimately have no alternative but to make 
such a reduction in the cost of his product as will enable him to 
retain part of the business, for some of it will surely be lost to 
the coal trade. 
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INDUSTRIAL GAS.—VL 
BY FRANK H. BATES. 
(THE HEMPLE APPARATUS—CONTINUED.] 
E now have all the data for the computation of 
the hydrogen, methane, and nitrogen. 
Methane in portion of gas residue exploded, 
14.5 cubic centimeters equaled 5.9 cubic centi- 
meters. By proportion, the methane in the 
total gas residue, 87.1 cubic centimeters, would equal, 
therefore: 
89.2 +. 34.5 23 A tes 
or, X = 35.4; or, CH, = 35.4 per cent. 
Hydrogen in portion of gas residue exploded, 14.5 
cubic centimeters, equaled 8.09 cubic centimeters, since 
2C — 4D 
H = ———- 
3 
in which H = hydrogen 
C = contraction 
D = methane 
the contraction = 23.95 
the methane = 5.9 
hence by substituting 
Se 223-98) = 4(5-9) _ 
and for the total gas residue the hydrogen is fourd by 
proportion 





8.09 


S70: 14.5 3 Saaeee 
or, Y = 48.5; or, H = 48.5 per cent. 
Tabulating the amounts found: 


CO, == “Os 
C.H, = 4.3 
O'= 5 
CO = 9.7 
H = 48.5 
CH, = 35-4 
96.8 


hence the nitrogen found by difference is 


100 — 96.8 = 3.2 cubic centimeters; or, N = 3.2 per cent. 
SPECIAL SCHEMES. 

The Fractional Combustion of Hydrogen. By use of 
the apparatus shown in Figure 20 the amount of hydrogen 
present in a mixture consisting of hydrogen, nitrogen 
and methane may be obtained by direct absorption, the 
methane being subsequently determined by ignition in 
the explosion pipette, and the nitrogen by difference. In 
Figure 20, a and 6 are the level-tube and measuring bu- 
rette respectively; the latter being connected by means of 
the capillary © to a special tube un, of about four milli- 
meters (°/,,-inch) internal diameter, and some 20 centi- 
meters (about 8 inches) in length, containing about four 
grains of palladium sponge. The palladium tube u is 
connected by another capillary tube, x’, to a simple pipette 
which may contain water, or, if preferable, potassium 
hydroxide, by use of the latter avoiding the necessity 
of an extra pipette. The pipette serves as a receiver. 
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The beaker, in which is placed the tube u, is nearly filled 
with water, the temperature of which may be maintained 
at such a degree as to make possible only the absorption 
of the hydrogen. 


Operation. After completing the removal of all the 
absorbable constituents of the gas mixture other than 
hydrogen, and with the gas residue in the ammoniaca/l 
cuprous chloride pipette, draw into the measuring burette 
some of the gas residue, and, after waiting three minutes 
for drainage, measure. Join the burette to the palladium 
tube and receiving pipette B by means of the capillaries, 
having previously drawn the liquid in the pipette to the 











FIGURE 20. 


mark on the capillary stem, as heretofore directed in con- 
nection with the use of the Hemple pipette. Bring the 
temperature of the water in the beaker to about 95° C., 
not allowing it to exceed 100° C., nor fall below go®° C. 
Open the pinch-cock d@, and by raising the level-tube a, 
force the gas through the capillary and palladium tubes 
and into the pipette. Return the gas to the measuring 
burette and repeat the transfer a couple of times. Replace 
the hot water by fresh water of about the temperature of 
the room, and thoroughly cool the gas by leading it back 
and forth through the palladium tube a few times. 
By now measuring the gas volume and thus determining 
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the contraction, taking account of the air contained by 
the capillary and the palladium tubes, the amount of hy- 
drogen in the sample of gas residue becomes known, since 
in the presence of the palladium, all of the hydrogen 
unites with such oxygen (afforded by the air added) as is 
required for chemical union. The product being water, 
two-thirds of the contraction equals the volume of hydro- 
gen, as is readily seen by the following equation: 


(H,), + (O,), = HO 
Hydrogen 4. Oxygen __ Water 
2 vols. 1 vol, 0 vol. 


Two volumes of hydrogen unite with one volume of 
oxygen to form water possessing no appreciable volume. 
Having determined the hydrogen by the palladium 
absorption, draw into the measuring burette another por- 
tion of the gas residue from the ammoniacal cuprous 
chloride pipette; wait three minutes for drainage and 
measure the volume. Pass this into the explosion pipette 
and then add the requisite quantity of air and pure hy- 
‘drogen; the latter is generated by means of the hydrogen 
pipette already described.* (See Figure 16 in the August 
number of the JouRNAL.) The gases are now thoroughly 
mixed and ignited by means of aspark. The contraction, 
due to combustion, is measured, and the carbon dioxide 
formed is absorbed by passing the products of combustion 
into the potassium hydroxide pipette. The absorption is 
then measured. 

We now have sufficient data for the computation of the 
constituents of the gas residue. 

The total contraction produced corresponds to: 

1. The hydrogen present in the original gas (this is 
ascertained by the palladium absorption) plus one-half 
its volume of oxygen, the quantity requisite for complete 
combustion. 

2. The measured quantity of hydrogen added, plus 
one-half its volume of oxygen. 

3. The methane present (equal to the carbon dioxide 
formed, as measured by the potassium hydroxide absorp- 
tion) plus two volumes of oxygen requisite for its com- 
bustion. ; 

Knowing the percentages of both the hydrogen and the 
methane, we need only be concerned as regards the nitro- 
gen. Its volume or percentage is readily found by adding 
the percentages of all the other constituents and subtract- 
ing the total from 100, the result being the percentage of 
nitrogen. 

It is not absolutely necessary to measure the carbon 
dioxide formed to determine the methane; simply ignite 
the mixture of gases in the explosion burette, and then, 
without measuring the contraction, transfer to the potas- 
sium hydroxide pipette for the absorption of the carbon 
dioxide formed; after which, measure the volume to ascer- 
tain the total contraction, which will equal the sum of the 
contractions 1, 2 and 3. 

Since the contractions 1 and 2 are known by taking 
their sum from the total contraction (the sum of 1, 2 and 
3), the contraction due to the combustion of the methane 





*Oxygen may be used as heretofore should it be preferable. 
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becomes known, and thus the volume and percentage of 
methane, it being one-third of contraction 3. Thus: 
Total contraction = C= 1 +2+ 3 
then C — (1 + 2) = 3 
Now methane-—CH,—in burning unites with two vol- 
umes of oxygen; thus: 


CH, + (02), = CO, + (H,O), 
Methane _ 1 Oxygen —. Carb. Diox. L Water. 
1 vol. 2 vols. 1 vol. 


and the carbon dioxide being absorbed previous to meas- 
uring the contraction, gives a contraction due to methane 
of three volumes for each volume burned, hence one-third 
of the contraction (3) equals the volume of methane. 

It is not even necessary to trouble to make the absorp- 
tion of the carbon dioxide formed with. potassium hy- 
droxide, since in this case the volume of carbon dioxide 
formed by the combustion, remaining unabsorbed, lessens 
the contraction by one volume for every volure of methane 
burned; hence the volume of methane will in this case 
become one-half of the contraction due to the combustion 
of the methane. 

Conditions to be observed in connectivn with the ab- 
sorption of hydrogen by means of palladium: 

In a gas mixture, the carbon dioxide, heavy hydrocar- 
bons, oxygen, carbon monoxide, etc., must first be as 
completely removed as is possible by aktsorption with re- 
agents. For the absorption of carbon inonoxide only 
ammoniacal cuprous chloride may be used, since the acid 
fumes of the cuprous chloride would tend to unite with 
the oxygen of the palladium oxide more readily than 
hydrogen, and in burning not develop sufficient heat to 
make possible the occlusion of the hydrogen. On the 
other hand, traces of ammonia do not interfere. Carbon 
monoxide or large quantities of benzole vapor or vapor 
of alcohol do interfere, owing, as in the case of hydro- 
chloric acid, to their greater affinity for palladium oxide, 
and, in consequence, every care should be exercised to 
remove them as far as possible. 

Palladium black is even stronger in its action than 
oxydized palladium sponge. It is made by reducing pal- 
ladium chloride with alcohol in a strongly alkaline solu- 
tion. It is probably a mixture of metallic palladium with 
palladium oxide. 

The palladium may be regenerated by plunging the 
tube into hot water and passing a current of dry air 
through it. The palladium should always be kept as dry 
as possible. 

The Absorption of Oxygen by Phosphorus. ‘The em- 
ployment of moist phosphorus as an absorbent of oxygen 
is by far preferable to the use of potassium pyrogallate, 
but this method is not universally applicable. The ab- 
sorption is carried on in a simple pipette for solids, thin 
sticks of phosphorus being inserted in the bulbed portion 
and surrounded by water, which recedes on the gas being 
forced in, thus affording a fresh, bright surface of phos- 
phorus for each absorption. The moist surface of the 
phosphorus rapidly absorbs the oxygen, forming phos- 
phoric and phosphorus acid, both of which are dissolved 
by the water present. The temperature of the pipette 





THE JOURNAL OF ELECTRICITY, POWER AND GAS. 77 


should be held at from 18° to 20° C., (64° to 68° F.). 
About ten minutes should be allowed this absorption. 

The following conditions-should be observed in con- 
nection with the employment of phosphorus: 

The oxygen in the gas should not exceed 50 per cent. 

The gas should be free from ammonia, ethylene and 
all hydrocarbons, vapor of alcohol, ether, and etherial 
oils. 

It is owing to the fact that phosphorus is not acted 
upon by oxygen except the latter is diluted with other 
gas, that one should not have it present in greater quan- 
tity than 50 per cent. In gases rich in oxygen it is easy 
to dilute with nitrogen to permit of the absorption. 

During the reaction, a bright glowing of the phosphorus 
takes place, and the termination of the oxidation is sharply 
shown by its disappearance on the exhaustion of the oxy- 
gen. The glow is only visible in a dark room. The 
phosphorus may be repeatedly used but should be pro- 
tected from the light when not in use. The confining 
water surrounding the phosphorus should be renewed 
occasionally to prevent saturation and allow of the pro- 
ducts of combustion or oxidation being readily absorbed, 
and in this way keeping the surface of the phosphorus 
always bright and active. 

Scheme for the Analysis of Coal Gas by which the traces 
of carbon monoxide remaining from the cuprous chloride 
absorption, and any ethane present, may be determined. 

The writer has found, that even with the exercise of 
considerable care, there remains some carbon monoxide 
after the cuprous chloride absorption; and further, that 
there is generally present in the gas residue traces, at 
least, of ethane (C,H,). He has accordingly arranged 
the following method for the analysis of a gas mixture, 
which provides a means for the complete determination 
of carbon monoxide and ethane. The gas mixture may 
contain benzene, or benzole vapor, C, H,; carbon dioxide, 
CO,; heavy hydrocarbons or fixed illuminants, C, H,; 
oxygen, O; carbon monoxide, CO; hydrogen, H; meth- 
ane, CH,; ethane, C, H,; and nitrogen, N. 

ORDER OF ANALYSIS. 

1. Benzene or benzole vapors (C,H,), absorbed by one 
cubic centimeter of alcohol in mercury pipette; after 
measuring the contraction agitate the gas with one cubic 
centimeter of water to remove alcoholic vapors. 

2. Carbon dioxide (CO,), absorbed by potassium hy- 
droxide. The absorption is nearly instantaneous, one 
passage of the gas into the pipette generally sufficing. 

3. Heavy hydrocarbons or fixed illuminants, consist- 
ing principally of ethylene (C, H,), absorbed by an aque- 
ous solution of bromine. Fuming sulphuric acid gives a 
slightly greater absorption, but bromine is far more con- 
venient and sufficiently accurate for most purposes. Time 
required for this absorption, three minutes. 


4. Oxygen (O), absorbed by phosphorus. ‘Time, ten 
minutes. Potassium pyrogallate may be used, but the 
first offers a decidedly more elegant method. Time with 
potassium pyrogallate, three minutes. 

5. Carbon monoxide (CO), absorbed by a solution of 


cuprous chloride. An alkaline or ammoniacal solution of 
cuprous chloride must be used, since the absorption of 
hydrogen is to be by means of palladium, which would 
become inactive in the presence of hydrochloric acid 
vapors. In making the cuprous chloride absorption, it is 
advisable to employ two pipettes, one containing a solu- 
tion which has been used a number of times, and the 
other comparatively fresh. By passing the gas into the 
first and agitating therein some two or three minutes, and 
thus removing the greater part of the carbon monoxide, 
and then completing the absorption by a passage into the 
second pipette, retaining there some three minutes. This 
precaution is taken owing to the fact that the affinity of 
carbon monoxide for cuprous chloride is but slight, and 
the resulting union is, in consequence, rather unstable. 
Even by the use of two pipettes traces of carbon monoxide 
remain. 

The residulal gas may now consist of 
H + CO (f7Uipross chiside solution) + CH, + C,H, + N. 

This residual gas is retained in the cuprous chloride 
pipette, a portion, say 20 cubic centimeters, being taken 
for the palladium absorption. In the palladium reaction | 
already described (the 20 cubic centimeters of residual 
gas is simply passed, together with the air added, over 
palladium), are removed the hydrogen and remaining 
traces of carbon monoxide. 

The combustion of the two is represented by the equa- 
tions: 

H, + (O,), = H,O (1) 
CO + (O,), = CO, (2) 


In equation 1, one volume of hydrogen uniting with 
one-half volume of oxygen, condenses to water. The 
contraction is therefore one and one-half volumes, which 
is one and one-half times the hydrogen burned, or 1% H. 


In equation 2, one volume of carbon monoxide uniting 
with one-half volume of oxygen, contracts to one volume 
of carbon dioxide. The contraction is therefore one-half 
the carbon monoxide burned, or % CO. In this combus- 
tion there is formed one volume of carbon dioxide for 
each volume of carbon monoxide burned, or CO = CQ,,. 
This affords a means of determining the amount of carbon 
monoxide, since the carbon dioxide may be absorbed by 
potassium hydroxide. 

Collecting, we have for the total contraction due to the 
palladium combustion: 

C,=1%H + % CO, (3) and 

D, = CO = CO,, (4) in which 

C, = the contraction due to palladium combustion, 

D, = carbon dioxide formed by palladium combustion, 
substituting in equation 3 the value of CO in equation 4 

C= H+ ¥%D, (5) 
and by simple transposition 
2C, — D, 


3 
The operation thus far is then to pass the sample of 
residual gas, to which has been added air, over palladium, 
causing the H and CO to be burned. The products of 


H = (6) 
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the combustion are then brought back and the volume 
measured, showing the contraction, which is designated 
C, in the above formulas. The gas is then passed into 
the potassium hydroxide pipette for the absorption of the 
carbon dioxide (formed by the combustion of the carbon 
monoxide). ‘The gas is returned to the measuring burette 
and the contraction due to the carbon monoxide absorp- 
tion measured; this equals D, in the above formulas. We 
now know the hydrogen and the carbon monoxide of the 
residual gas sample. 

Another portion of the residual gas is now drawn from 
the cuprous chloride pipette and measured —say about 
15 cubic centimeters — and to this is added about 80 cubic 
centimeters of air, enough to make a total of nearly 100 
cubic centimeters. The mixture is transferred to the ex- 
plosion burette and well mixed. It is then exploded over 
mercury. The resulting contraction we will call C— 
and is due to the following reactions: 

The carbon monoxide burning to carbon dioxide 


(a) CO + (O,), = CO, Contraction = % CO 


The volume of carbon dioxide formed equals the volume 
of carbon monoxide burned; or, CO, = CO. 
The methane burning to carbon dioxide and water 
(6) CH, + (O,), = CO, + (H,O), 
Contraction = 2 CH, 
The volume of carbon dioxide formed equals the vol- 
ume of the methane burned; or, CO, = CH, 
The ethane burning to carbon dioxide and water 
(c) CH, + (O,)s, = (CO,), + (H,O), 
Contraction = 2% C, H, 
The volume of carbon dioxide formed equals twice the 
volume of ethane burned; or, CO, = 2C, H, 
The hydrogen burning to water 
(dq) H,+ (O,), = HO Contraction = 14H 


The total contractions (C) resulting from the combus- 
tion of residual gas in the explosion pipette is then the 
sum of the contractions resulting from the reactions ex- 
pressed by equations a, 6, c, and d; or, 

C= %CO + 2CH, + 2%C,H,+ 1%H (7) 

The total volume of carbon dioxide (we will designate 
this D) formed by the combustion of residual gas in the 
explosion pipette, would equal from the equations a, 4, c, d 

D=CO+CH,+2C,H, (8) 

The procedure is then to ignite the sample of residual 
gas in the explosion pipette, then returning to the meas- 
uring burette to determine the contraction (C), then 
transferring the gas to the potassium hydroxide pipette to 
absorb the carbon dioxide formed, afterwards measuring 
in the burette the volume of absorption (D). 

Let us call 

C—C,=E=(%CO+ 2CH, + 2%C,.H,+ 1%H). 
— (1%H + %CO) = 2CH, + 24%C,H, (9) 
Let us call 
D — D, = F = (CO + CH, + 2C,H,) — (CO) 
= CH, + 2C.H, (10) 
Then multiplying F by 2 and subtracting E we have 
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2F — E= (2CH, + 4C,H,) — (2CH, + 2%C,H,) 
=1%C,H, (11) 
4F — 2E 
C,H, = —-——_ 
3 
and further, we have from equation 10 
CH,=F—-—2C,H, = (13) 

The nitrogen is now found by difference making all the 
constituents of the residual gas known. — 

One fact to be noticed is that F or D — D, cannot, 
under any circumstances, be less than 4%E or %(C —C,), 
since, if in equations ‘ 

(F = CH, + 2C,H,) and (E = = 2CH, + garg: 
CH, = O, then F = 2C,H, = /,E (14) 
or, if on the other hand, 
C,H, = O, then F = CH, = ¥%E 
Summing up, the residual gas may consist of 
H + CO + CH, + CH, + N 

By the palladium combustion 

2C, — D, 


(12) 


or, 


(15) 


H =n 
3 
in which C, = the contraction due to the combustion of 
the hydrogen and carbon monoxide and D, = the carbon 
dioxide resulting = the carbon monoxide burned. 


By the explosion over mercury 





4F — 2E 
CH, = — , and 
3 
CH, = F — 2C,H, 
in which 
F = D — D, = the difference between the volumes of 


carbon dioxide formed by the explosion over mercury 
(D) and the palladium combustion (D,). 
E = C —C, = the difference between the contraction 
from the explosion and palladium combustion. 
( Continuation in next number.) 
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ELECTRICAL COSTS IN SAN FRANCISCO. 
N the report of A. M. Hunt to Hon. James D. Phelan, Mayor, 
| and the Board of Supervisors of the City and County of San 
Francisco, on the cost of a steam and electric plant for light- 
ing the streets and municipal buildings of San Francisco, and the 
approximate cost of operating the same, that well-known mechan- 
ical and electrical engineer, who is one of the highest authorities 
on the subject to be found in the west, presents some figures on 
costs of steam and electrical installation in San Francisco that are 
well worth reproduction. Prefatory to the report it is stated that 
in order that a fair comparison may be made between the approxi- 
mate cost of operation of the proposed plant and the amount which 
the city is now paying for lighting service, there have been in- 
cluded as requiring service from the proposed plant all the build- 
ings to which light is now furnished, as well as arc lights to cover 
the present illuminated and settled portions of the city. All 
buildings under the control of the Fire and Police departments 
and of the Board of Health, as well as the City Hall and the new 
Hall of Justice, are to be furnished with light under the estimates 
given. 
Continuing, the report states that it is . proposed to locate the 
plant on property owned by the city on the bay front at the foot 
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of Fillmore street, as at that point water for condensing purposes 
can be readily obtained and coal can be cheaply landed at the 
wharf. The installation of three alternators is contemplated, one 
of 150 kilowatts capacity and two of 75 kilowatts capacity, deliver- 
ing 2200 volts to line, with secondary distribution at 100 volts. It 
is proposed, under the report, that the arc lighting plant shall 
consist of twelve 150 light (2000 candle-power) arc machines belted 
from six engines, each carrying two dynamos. It is proposed to 
cover a defined district in the business sections of the city with 
conduit consisting of two dipped iron pipes, with manholes placed 
at an average distance of 200 feet. Within this district street 
lamps will be suspended from ornamental iron poles, placed on 
the curb line. Without this district wires will be carried and 
lamps will be placed on 40 foot wooden poles placed 150 feet apart, 
except along Fillmore street where poles will be placed 125 feet 
apart. The estimates for wire are based on current (March 20, 
1899) quotations for the highest grade of rubber covered copper 
wire. To cover the resolution of the Board (No. 2266, Fourth 
Series) calling for additional estimates for supplying commercial 
are lights ‘‘at actual cost, whenever demanded,” an estimate is ap- 
pended to the report giving the estimated additional cost of plant 
to furnish 300 arc lamps and the added cost of operation, assum- 
ing that they are all in use between sunset and sunrise. 

In figuring on the cost of operation of the main plant, it is 
assumed that incandescent service will be rendered twenty-four 
hours each day ; that street lights will be operated as at present, 
that is, from half an hour after sunset until half an hour before 
sunrise on all nights except the night of full moon and the night 
before and after full moon. 


Below are reprinted the various estimates of cost presented with 
the report : 
ESTIMATE OF COST OF STEAM AND ELECTRIC PLANT AND 
DISTRIBUTING SYSTEM. 


Land 


Steam plant consisting of boilers to evaporate 
40,000 pounds of water per hour, seven engines 
of 250 horse-power each, two engines of 125 
horse-power each, surface condensers, feed 


pumps and feed water heaters................. $ 73,030 00 
Pe nS. 7,500 00 
Erection of engines, boilers, condensers and 

PN sais s voc 5-0 6s cx wn aeb es Weert ces 14,629 00 

4. Induced draft blowers, connections and short 
EEA s 5. o ce sb a: ons gar RUEBEN 5A ab woken 5,000 
5. Twelve 150-light arc machines erected............ 32,400 0O 
ee Sg Be 300 00 
7. One 150-kilowatt alternator, two 57-kilowatt alter- 
I OUIOOE oi o's o'é:n v0 dra RAE vende cose 5,740 00 
8. Alternating current switchboard... ............. 1,950 00 
g. 1500 arc lamps, complete............... Rice cn eeke 30,000 00 
10, 12I ornamental iron poles, in place.............. 7,260 00 
11. 5774 wooden poles 7x7 tops, 12x12 butts, 4o feet 
ILS, an asinks sce WME ys i000. cc's 63,514 00 
ee OS 1,470 00 
13. 13,000 insulators and pins........-.......--e0008- 520 00 
14. 93,333 feet double two-inch iron pipe conduit, laid 
at 42 cents per foot ,.............. Rik aware 39,199 86 
15. 490 mammoles, complete ... . 006 i. coven... .00 - ee. 22,500 00 
16. 49,980 feet No. 00 rubber covered cable........... 9,996 00 
17. 30,660 feet No. 1 rubber covered wire............. 4,139 10 
18. 71,980 feet No. 4 rubber covered wire............. 6,838 10 
19. 124,100 feet No. 6 rubber covered wire............ 10,548 50 


20. 1,120,809 feet No. 6 rubber covered wire (special). 95,268 76 
21. 96,333 feet rubber covered, lead and jute armored 


pees See ee 8,188 30 
22. Converters, 43 1-kilowatt, five 2-kilowatt, one 

3-kilowatt, one ro-kilowatt, seven 25-kilowatt.. 3,042 00 
NR eee 3,972 00 
Pr ne fe ee 12,000 00 
ESRI EET ee ae 


Total, excluding real estate...... 2.2... .. 0500 e0es $459,005 43 





ANNUAL COST OF OPERATION. 


Bond interest 3% per cent. om $459,005 43 ........... $ 16,065 19 
Coal, 8341 4% tons at $7 25 in bunkers................. 60,473 75 
Depreciation (10 years life) 9.1 per cent. on items 9, II, 
NNN svn aie eae a ee Oeaa) wis cha os iagedes © 9,052 32 
Depreciation (13 years life) 6.4 per cent. on items 1, 2, 
I hd 5 040 ve cas aR EOUWY wak sone ca od taes 6,410 18 
Depreciation (15 years life) 54 per cent. on items 5, 6, 
NG dite Bee eR CME ny ss occ eee wa cea 2,258 46 
Depreciation (20 years life) 34% per cent. on items 10, 
er ee a BO, OU ID occ ssc tes coe cse 7,137 85 
Six firemen at $75 per month ........................ 5,200 00 
Three engineers at $100 per month................... 3,600 00 
Three oilers at $75"per month.......... ............. 2,700 00 
Five dynamo tenders at $90 per month............... 5,400 00 
One boiler cleaner at $75 per month.................. goo 00 
Two horses and wagons at $40 per month each........ g60 00 
Twenty trimmers at $75 per month .................. 18,000 00 
Two linemen at $90 per month....... ...... ......... 2,160 00 
Store keeper and time clerk ...... ...............0.:- 1,200 00 
3000 carbons per diem, 325 days, at $9 oo per 1000 ..... 8,775 00 
| ES reer eer Se 200 00 
Rees Uc iain CSEEREIES Cigrasaceeesveccuceae 2,555 00 
Globe renewals and repairs.... ...... «22-020... 2. eee 1,500 00 
RIE ES SS er 1,200 00 
Chief engineer and superintendent .................. 3,000 00 
Insurance, 4% per cent. om $150,000 .................. I,125 00 
Water, assuming waste per diem to equal 4 of feed... 975 84 
General repairs (approximated at 2% per cent. on 
EE ee __ 9,989 7 70 
I aia 's 4.5. < 50° k-a URE AEE 6 aS Sey na dus sees cain $170,838 2 838 29 


The rate of wages on which this table is based, corresponds to 
those paid by the city in similar cases, but if the rates be taken at 
those paid by private parties, the estimate may be reduced $8560. 


ESTIMATE OF COST FOR 300 ADDITIONAL ARC LIGHTS. 


Bi! Se UNS SUIROTN eis cw nk cece ec cece $ 10,000 oo 
a NN, Gre <n occ toc s cece ce cens 500 00 
3. Erection engines, boilers, condensers, etc........ 2,100 00 
4. Two 1§o0-light arc machines...................... 5,400 oo 
SB. SOP ATC TAMING, COMBI ie es o.oo cc ce cee ee 6,000 00 
6. 210,000 feet No. 6 rubber covered wire (based on 
average length of circuits) ..... .............. 17,850 00 
ee eee a htands deen 10,560 00 
8. Cross arms and insulators.......... (sein means 280 00 
SS 0 ee 600 00 
NG kW ence 6 ncn MMI exe 6 occ cccce acces $ 53,290 00 
COST OF OPERATION FOR 300 ARC LIGHTS. 
Bond interest, 34 per cent. om $53,290............... $ 1,865 15 
Coal, 155174 tons at $7 25 in bunkers. i tatcescocape. See ae 
Depreciation (1o years life) 9.1 per cent. on items 5, 7 
I a il coop CRE Srna 6c cc eces ccceccens 1,587 04 
Depreciation (13 years life) 6.4 per cent. on items 1, 2 
SNe. 4.0 4000000 ca MEMS ¢000 +. uit. 806 40 
Depreciation (15 yers life) 54% per cent. on item 4..... 283 50 
Depreciation (20 years life) 3% per cent. on item 6.... 624 75 
Four trimmers at $75 per month ..................... 3,600 00 
600 carbons per diem, 365 days, at $9 00 per 1000 ..... I,97I 00 
Additional station help ..................... Pyaar: ok 1,440 00 
EE eee eee 350 00 
Insurance 4% per cent. on $18,000 ....... Ns bage ee 135 00 
CO See 249 84 
Proportion of general charges and other items not 
CE ee 2,425 00 
General repairs (approximated 2% per cent. on entire 
Sr Ore Te 1,106 50 





:: | Pe haan ; gen whale _.$ 27,790 43 
If wages are taken at rates caine “a private parties the above 
cost will be reduced by about $1200. 
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TESTING LIVE CIRCUITS. 

BSOLUTE continuity of service at any price short of inevi- 
table ruination has become the watchword of many light 
and power plants, and any expedient that can be adopted 
to avert the misfortune of necessitating the operation of 

machinery under conditions imperiling its welfare, is worthy of 
the earnest consideration of every engineer. An admirable 
paper presented before the New York convention of the National 
Electric Light Association by E. A. Leslie, suggests means for 
testing live circuits which, if faithfully carried out, will do much 
toward detetting and enabling the removal of troubles that if un- 
attended would develop into serious difficulties. The conditions 
discussed are particularly those of the underground circuits of 
New York City, yet the principles involved are of general appli- 
cation, and the instruction given may be followed wherever it is 
desired to determine the insulation resistance of, or to locate faults 
on, live circuits. A convenient method for using the telephone in 
underground testing is also given. 


TESTING INSULATION RESISTANCE ON LIVE CIRCUITS, 


Sometimes in running a large number of circuits from a common 
*bus, phenomena will arise that have a suspicious look and make 
it desirable to find out which particular circuit or circuits has 
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FIGURE 1.—MEASURING THE INSULATION RESISTANCE OF 
LIVE WIRES. 


caused the disturbance. It would have been disastrous to the 
money-making end of the business if every time something un- 
usual manifested itself we had made a practice of pulling circuit 
after circuit until the delinquent had been detected, and it there- 
fore became desirable to be able to make reliable insulation tests 
while the circuits were in actual operation. In order to accomplish 
this an arrangement of apparatus was devised, such as is shown 
in Figure 1, and which is described as follows : 

A spare generator is started and connected through its switches 
to the test bus. From this ’bus a line is carried through a high 
tension switch and then through the primary coils of four trans- 
formers in series, the secondaries being left open, as shown in the 
diagram. This line is then carried through the galvanometer, 
which is provided with the usual short-circuiting key and shunt; 
thence it goes to a battery of 100 chloride cells equipped with re- 
versing key, and from thence to earth. The transformers used 
are of the ordinary 2000-volt type (which is the pressure used on 
the New York system), and are of about two-kilowatt capacity 
each, which we have found by experience to be about the right 
size. The coils being in series, they offer very high inductive re- 
sistance to the passage of alternating current, but their resistance 
is practically nothing when measuring megohms with direct 
current, 

In making the test, we first ascertain the insuiation resistance 
of the generator, test ’bus, leads, etc. The circuit is then thrown 
on the test ’bus and tested in the same manner as if it were not 
connected to a high-tension generator, with the exception that it 

s not necessary to allow any time for charging or discharging the 
cable. This is called a ‘‘hot” test. The results are the same on 


testing either leg of the circuit, and the insulation resistance is 

generally found to be anywhere from 15 per cent. to 75 per cent. 

lower when tested ‘‘hot’’ than when the circuit is disconnected 

from the generator and tested in the ordinary way—that is, ‘‘cold;” 

although the lower the insulation of the circuit, the closer the 

two tests appear to agree. For instance, recent tests on five circuits 
gave the following : 

Circuit No. 24—Hot, .693 Megohms. Cold, 

oe See ae is 
28— -975 ¢ “ 2.99 - 


29—- 1.95 “ “e 2.44 “ce 
« 16— 4-75 * 10.25 se 


.83 Megohms. 
ee 84 Ld 


When this device was first put into service, and we had con- 
vinced ourselves that the readings obtained were really useful, we 
became impressed with the idea that perhaps we might be able 
to note the actual effect of the strain of the pressure upon the in- 
sulating material surroundivg the conductors, and to this end a 
special set of tests was made, with the following results : 


Length of circuit, 4.36 miles. 

First test, all converters in (22): 
ohms total. 

Second test, all converters out: Hot, 7.56 megohms total. Cold, 28.55 megohms 
total. 

Third test, all converters out except ome mounted on glass insulators: Hot, 
7.56 megohms total. Cold, 26.4 megohms total. 

Fourth test, all converters in after ends had been paraffined: Hot, 4.28 meg- 
ohms total. Cold, 16.6 megohms total. 


Hot, 4.39 megohms total, Cold, 12.94 meg- 


While these results are admittedly too indefinite to be regarded 
as at all conclusive, they nevertheless point to the fact that the 
insulation of a circuit does depreciate, for the time being, while 
under the influence of high potentials. 


LOCATING FAULTS ON LIVE CIRCUITS, 


In locating faults on live circuits a single-pole, double-throw 
switch A, shown in Figure 2, is attached to the test bus, and from 
the center of this switch a lead is carried through the primary of 
a transformer which has a red lamp connected across its secondary ; 
then through the amperemeter to the diagonally opposite outside 
poles of a double-throw, double-pole switch 2; from the other 
outside poles a wire is carried to the ground. Current is supplied 
to the center connections of this switch by a small, direct-current, 
shunt-wound generator having a capacity of about 10 amperes at 
250 volts, and by means of this reversing switch the current can 
be sent through the circuit in either direction. In locating trouble 
the direct-current generator, which is belted to a five horse-power 
motor, is started, and the single-throw switch # thrown on either 
side of the ’bus. If the red lamp lights up, it indicates that the 
ground is on the other leg, and the switch is thrown over. The 
direct current is then brought up to about seven amperes and the 
reversing switch # is thrown about every 15 seconds, which re- 
verses the direction of the direct current flowing through the cable 
to the ground. The subway workmen then start out with a com- 
pass and go to a manhole through which the circuit in question 
passes. If, on laying the compass on the cable, the needle re- 
verses every 15 seconds, they know the ground is farther from the 
station ; if, however, the needle is not affected every 15 seconds, 
it indicates that the trouble is between the manhole opened and 
the station, and they then open another manhole nearer the sta- 
tion. In this way they are able, without cutting the cables, to 
locate the trouble in a section between two manholes or hand- 
holes, or possibly in a manhole ; whereas, prior to the use of this 
device, we were frequently obliged to cut in 15 or 20 places before 
locating the fault, In some cases, if the trouble is slight, we are 
able to repair it without shutting down the circuit, as the men are 
provided with rubber boots and rubber gloves drawn on over buck- 
skin gloves, and an insulated box to stand upon, and can safely 
and quickly make a temporary joint that will answer every pur- 
pose until such time, say early the next morning, as the circuit 
can be shut down without detriment to the customers. If, how- 
ever, the trouble is extensive, the circuit is shut down at once and 
the repair made as promptly as circumstances permit. Unfortu- 
nately, however, the New York subway company objects to the 
circuit being run, even on an independent generator, while we are 
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locating the trouble, and therefore we now pull the circuit at once 
and make the test in the same way, except that we use two com- 
passes, as the direct current flows through the primaries of the 
transformers and tends to mislead the men if they use but one. 
A compass is placed on each cable, and as long as both needles 
are similarly affected they know that the trouble is beyond them ; 
when, however, the needles tend to point in opposite directions, 
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FIGURE 2.—A METHOD OF LOCATING FAULTS ON LIVE CIRCUITS. 


they know that they have passed the trouble and its location is 
then easily determined. 

It is, perhaps, curious to note that when the alternating current 
is on the circuit the direct current apparently does not flow through 
the primaries of the transformers. Trouble on series arc circuits 
is also located in this way, except that mot more than about four 
amperes of current is used, because otherwise the cut-out magnets 
tend to act and throw the regular lamp magnets in circuit, the re- 
sistance of which practically stops the flow of the current. 


TELEPHONE IN UNDERGROUND TESTING. 


It has been found by experience that underground circuits, par- 
ticularly those employed for series arc lighting, need periodical 
overhauling, otherwise weak spots will accumulate to such an ex- 
tent us to bring down the total insulation resistance below the 
standard requirements. Atsuch times a great many galvanometer 
tests are necessary, and it was found that the work could be done 
much more quickly if the galvanometer were set up in the station 
instead of being moved from place to place along the street. The 


é 


TELEPHONE 


Ca 


Testing SET, & 
HE ; TELE Pyowe 
Leet 







































CONDE WSER CONDE w Se 
atetaitinnnisademnale 
BATTERY RECEIVER 
' AND 
> TRANS MITT AR 


q 


FIGURE 3.—THE TELEPHONE ON UNDERGROUND ELECTRIC 
LIGHT CABLES. 


great objection to this, however, was the necessity for frequent 
communication between the foreman of the subway gang and the 
tester in charge of the galvanometer, obliging the former to use 
public telephones a great many times during the day, which was 
decidedly inconvenient and involved much loss of valuable time. 
To overcome this serious objection a special telephone set for use 
on underground cables has been devised by Messrs. Sparrow and 
Jenkins, and it works very satisfactorily. 

The magnetos, instead of being wound, as ordinarily, for 10,000 
ohms, are wound to ring through 50,000 ohms, and a battery is 
placed inside of the magneto box, the transformer and receiver 
being mounted on a separate L-shaped piece connected by a flex- 
ible cord to the magneto box. The impedance of the series arc 


circuits, when used for telephoning, is very great, owing to the 
capacity of the rubber-covered, lead-sheathed cable, and, in order 
to talk successfully, it was found necessary to use condensers in 
connection with both telephones. With their use we are able to 
hold conversation over our longest series arc circuit, which is 12 
miles under ground and three miles overhead, and contains 65 
lamps. The method is very simple, as may be seen from the 
Figure 3. The telephone at the station end, except at time of 
test, is left constantly in circuit. When the subway foreman has 
completed his arrangements he connects his telephone, one wire 
to the copper of the cable and the other to the lead sheath, calls 
up the tester and so advises him. The foreman then disconnects 
his ’phone, and the tester does likewise, at the same time switch- 
ing in his galvanometer. The latter then makes his test and 
throws his telephone back into circuit. After the lapse of three 
minutes the foreman also reconnects his telephone and calis up 
to know the result of the test and get further instructions. In 
this way the work of overhauling and renovating is very much 
facilitated, and the cost of maintenance and repair sensibly reduced. 


AN INDUCTION FACTOR METER. 
BY ALLEN H. BABCOCK. 


TAKE pleasure in complying with the request of the editor to 

| give an account of a device which has been of some assistance 
to me, although I do not share his opinion as to its universal 
practical value. It is so simple that I feel certain someone else 
would have developed it long ago had there been any great neces- 
sity for it. Ican find no record of such an instrument having 
been used, at least in the limited library to which I have access 




















here. 

During the test of our Thomson recording wattmeters in the 

Stockton sub-station of the Standard Electric Company of Cali- 
fornia, we were not a little puzzled when one 

r -” up to usual brightness and all circuits were closed. 
One of the station men finally discovered that 
the lamps were in one phase, while the potential 
coil was across the other phase. Here was an 
remedy was applied. 

Some weeks later it occurred to me that if the 
current of the phase in which the fields of the 
meter were connected had been either leading or 
FIGURE 1. : eas 

meter under test, and, in all probability, would 
have adjusted the meter for the apparent watts indicated. Such a 
result was an impossibility in this case, since only the lamps for 
the test were in circuit. However, it suggested a possible source 


meter refused to move, although the lamps were 
3 obvious explanation of the difficulty, and the 
lagging, we would have had a reading of the 

of error in future tests, under different conditions. 


A diagram was made to show exactly what the meter would do 
with these connections, and it was at once evident that its read- 
ings would be proportional to sin ¢ instead of cos ¢, as is the case 
with wattmeters as ordinarily used; in other words, it would record 
the wattless component instead of the active. The conclusion 
was plain that if a recording wattmeter would sum up the wattless 
component, an indicating wattmeter would indicate it. 

A spare indicating wattmeter on the board was connected as 
shown in Figure 1. The load on the circuit was a 100-kilowatt 
synchronous motor and a number of lighting transformers scat- 
tered about town. The meter showed a slight positive reading, 
and a little experimenting with the motor exciter demonstrated 
that it was now possible to tell whether the motor was under or 
over excited ; that is, whether its armature current was lagging or 
leading. For reasons which need not be discussed here, this was 
a result of some importance to us. 

When the motor is not running the meter shows a lag, as might 
be expected, since only under-loaded transformers are in circuit. 

The sum of our experience is that a wattmeter in a two-phase 
circuit, connected as indicated above, gives a practical means of 
telling whether the apparent watts are equal to the true watts, 
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and whether there is a lead or a lag in case they are not equal. 
It gives also a measure of the wattless component. As connected 
here, it reads positi -e for a leading current and negative for a lag- 
ging current. The reason for this is shown by the curves in 
Figure 2, in which the C curve is the current in phase A, the Z 
curve the pressure in phase B, and the W curve is the product of 














FIGURE 2. 


the two. In the set marked I, the current is in phase with its own 
pressure, but lags go degrees behind the pressure of the other 
phase, to which the potential coil of the instrument is connected, 
the sum of the power loops is zero, and the reading is zero. In 
the set marked II, the current leads its own pressure but lags be- 
hind the pressure of the other phase, the sum of the power loops 
is positive, and the instrument reads positive. In-the set marked 
III, the current lags behind its own pressure, the sum of the power 
loops is negative, and the reading is negative. 

To adapt the instrument to a three-phase circuit it is necessary 
to get a pressure 90 degrees away from that of the leg into which 
the current coil is connected, by means of some form of phase 
transformation. 

As stated previously, there is some doubt in my mind as to the 
great necessity for measures of the induction factor except in 
certain special instances, of which our case is one. It will be of 
value in connection with synchronous motors which operate under 
widely fluctuating loads, or with rotary converters under similar 
conditions, since it tells at a glance exactly how the excitation 
should be varied, if at all, which way to vary it, and how much. 
It will be of service in stations where there is a mixed load of in- 
duction and synchronous motors and lights, since it will tell how 
to vary the excitation of the synchronous motors to bring the 
power factor of the circuit to a maximum value, 

Stockton, Cal., July 22, 1899. 


THE GREEN-HOWARD GAS CONTROVERSY. 


(Continued from page 71.) 
shale was presented as a necessary condition in the manufacture 
of the solid material, the sale of the Australian shale beds was 
effected. Mr. Green, deeming this a side issue, did not give this 
matter very close attention, feeling amply secure in the possession 
of the acetylene process. 

Separating from Howard for the time being, he endeavored to 
duplicate the results of their joint work, using similar means, 
and proportioning the ingredients in accordance with the formula 
furnished, but could secure no results. After fruitless trials, 
his suspicions being thoroughly aroused, he decided to investigate 
the shale lands and the several other interests purchased incident- 
ally with the gas process. The results of his investigations have 
been recounted by the newspapers; how the shale lands had never 





existed, and of the attempts on the part of Howard to prevent 
the impending trouble. 

It was on the return of Mr. Green from Australia, that, with the 
conviction of having suffered a swindle, he applied to the Chief 
of Police of San Francisco for advice. Remarkable as it may 
seem, the Chief was at this time rapidly completing a line of evi- 
dence against Howard in connection with a certain occurrence, 
and in pursuance of this work had become fully acquainted with 
his record. He did not hesitate, consequently, to advise Mr. 
Green of Howard's true character, at the same time stating that 
on his part he would deem it best to engage the services of one 
thoroughly posted on the manufacture of acetylene and who 
might be able to detect the means by which Howard had so suc- 
cessfully carried out his deception. The Chief of Police recom- 
mended R. Leo. Van der Naillen, whom he knew to have been 
associated with the manufacture of calcium carbide in Chicago, 
and who had some two years previous reported adversely on Mr. 
Howard’s process. Mr. Van der Naillen however, referred Mr. 
Green to the writer, promising to work in conjunction with him 
and to render all assistance possible. Acting on this advice, Mr. 
Green engaged the writer, authorizing him to make a thorough 
examination of the process in his behalf. 

Mr. Howard, being unacquainted with the results of Mr. Green’s 
investigations, agreed to lend every effort to enable anyone whom 
Mr. Green might introduce as his representative, to look into the 
merits and the details of his process. After some thirty days 
association with Mr. Howard, the writer succeeded in securing 
ample evidence of the fraudulent nature of the work. 

Mr. Green was then wired to come to San Francisco— having 
returned to Denver—to allay any suspicions that might otherwise 
arise. On making examination of the evidence, Mr. Green, 
through his legal advisors, began proceedings with the sensational 
results already known. 

Owing to the rather unsettled condition of the case, the writer 
is not privileged at the present time to make known the technical 
details, although a review of the evidence secured, involving, as 
it does, some rather peculiar features from the standpoint of a 
gas chemist, could hardly fail to prove of interest. 

San Francisco, September 10, 1899. FRANK H. BATEs. 


INSULATORS ON THE SNOQUALMIE LINE. 
To the Editor of the JouRNAL, 

Dear Sir: We beg to call your attention to an incorrect statement in the 
leading editorial in your May issue. In describing the power transmission 
plant of the Snoqualmie Falls Power Company, you stated that the transmission 
line is supported on Locke glass insulators. If you will look into the matter 
you will find that the only insulators used on this line are the Imperial high- 
potential insulators of the Redlands type, the same as are on the lines of the 
Southern California Power Company, and many others. These insulators were 
furnished by us and we would be obliged if you would correct your statement 
in your next issue. c. S. KNOwLEs. 

7 Arch street, Boston. 

Expressions of thanks are due to the writer of the above for 
calling attention to the misstatement referred to, and in gladly 
giving the widest publicity to the correction, apologies must be 
extended to the Imperial people for the injustice which has, 
through inadvertance, been done them. Sincerity of purpose in 
the expression of fact or of opinion is the aim of the JouRNAL 
above all other desires, and its columns are always open for the 
publication of such criticisms or corrections as are worthy. —Ep. 





It is advisable that transformers for use on two-phase circuits 
should each be provided with a lead tapped in to the middle point 
of the secondary so that, when such transformers are used for 


motors on a two-phase circuit, the middle leads or taps may be 
closed together. Normal voltage will then be available across the 
secondary terminals of either transformer while but 70 per cent. 
of the normal voltage will be available between any terminal to 
either secondary terminal of the other transformer, and any two 
of these 70 per cent. terminals which bear the two-phase relation 
may be in starting a two-phase motor, but motors so started 
should be of small capacity in comparison with the transformers 
because only a portion of the transformer secondaries are in use 
during starting. Under this condition the motor will start at 
half full load torque. 
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Spistorical 
AN EARLY JABLOCHKOFF ALTERNATOR. 
BY PROF. 


ORION BROOKS. 


HE present age is a rapid one. Machinery and methods grow 
old and become ‘‘has beens’’ so speedily that we may be 
pardoned for at times standing aside and gazing in wonder- 

Especially is this the case 


ment at the swiftly moving scene. 
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No. 10 copper wire, and the resistance from brush to brush is .06 
ohm. The weight of the copper on the alternator is: fields, 31 
pounds; armature, 36 pounds. The armature is connected up in 
four sections of four coils each, each section comprising 140 turns 
of No. 15 wire, the four sections aggregating about 3600 feet, and 
having a resistance of 12 ohms, or three ohms to each section. 
Referring to the plan in Figure 2, the designations 4, PB, C, D, 
represent the several coils, there being 16 in all. The coils desig- 
nated A are connected in such manner that they all act in con- 
junction, and the terminals are carried to two binding posts a a 





FicuRE 1.—JABLOCHKOFF ALTERNATOR AND GRAMME EXCITER. 


with electrical machinery and methods. By way of emphasis, 
there is presented herewith an illustration of a pair of Gramme 
machines consisting of a Gramme exciter and a Gramme Jabloch- 
koff alternator, which may justly be designated pioneers, although 
not yet twenty years old. These machines are now in the posses- 
sion of the Heald Electrical Engineering School, 24 Post street, 
San Francisco, having been rescued from threatened oblivion by 
the writer, who is its manager. 


These electric lighting machines belong to the experimental era 
of electric lighting in California, having been imported from 
Paris in 1879 by the proprietors of the San Francisco Chronicle, 
and were put in service at the time the Chronic/e was moved from 
506 Montgomery street to its then new building on the corner of 
Bush and Kearny streets, in September of that year, where they 
were operated until the California Electric Light Company, hav- 
ing become well established, contracted to supply current from 
its works for less than it was costing at the time they were put out 
of commission. The exciter scarcely requires description as the 
illustration is excellent, and is of a more or less familiar type. 


A few details concerning the alternator may, however, not be 
superfluous. It is of the revolving field type with stationary 
armature, and may be classed as a ‘‘double two-phase’’ machine 
with capacity of four standard Jablochkoff candles. The field 
coils, eight in number, marked /— Figure 2— are arranged radi- 
ally inside the armature on a shaft, and are connected two in 
series and four in parallel to two slip-rings, through which current 
is received from the exciter by means of copper brushes. 

Each field coil consists of five layers of sixteen turns each of 


on top of the casing, and coils B, C and J are connected in like 
manner. Owing to the mechanical arrangement of the parts, 
coils a and ¢ are active at the same instant at which time coils 4 





FIGURE 2, 
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and d are at the neutral point, and vice versa; hence, sections a 
and ¢ may be connected to work either in series for double voltage, 
or in parallel for double amperage; or they may be worked on 
independent circuits, and of course the same arrangements may 
be carried out with 6andd. The capacity of each section is six 
amperes at 50 volts, or 1200 watts total at 750 revolutions per min- 
ute, and energy consumption for driving is about 3000 watts. The 
commercial efficiency is therefore about 40 per cent. 

The students of the college have cleaned up these machines, 
have fitted new journal boxes thereto, and have put them in work- 
ing order, and it is interesting to draw comparisons between them 
and others of modern type alongside of them. 

Here the query arises, What will the next twenty years develop? 
Will our present electrical machinery be relegated to the junk 
heap from which an occasional piece will be reclaimed and viewed 
as a curiosity ? 

The writer, who has been a resident of California for 47 years, 
hopes, in the near future, to record in these columns some recol- 
lections of early electrical projects when electrical engineering 
had not risen to the dignity of a profession in the Golden West ; 
to write of the time when a certain telegraph superintendent 
replied, in answer to an inquiry why he did not adopt a system of 
daily galvanometric tests of the wires under his charge, ‘‘If I was 
to get those d——d ohms on my lines I couldn’t work~a circuit.”’ 
His company long since ceased its separate and distinct existence. 


[adustrial 


In responding to advertisements in this publication kindly mention 
‘*The Journal of Electricity, Power and Gas.”’ 


WAGNER COMPANY’S COAST OFFICE. 

The Wagner Electric Manufacturing Company of St. Louis has 
opened a Pacific Coast office at 120 Sutter street, San Francisco, 
in charge of Alex. R. Pike, who for the past four years has been 
in the sales department of the Columbia Incandescent Lamp 
Company. Itis the intention of the Wagner company to hold a 
large stock of alternating apparatus at this point, and thus be in 
a better position to handle its Coast business. The California 
Electrical Works, which has handled the Wagner line in Cali- 
fornia for the past three years, will still be selling agents for 
California, Nevada and Arizona, but the branch office will handle 
their entire business on the Coast. 

The company reports a large business on its single-phase motor. 


TRADE LITERATURE.* 
‘‘Tdeal Engines.’’ These high-speed, high-duty engines are 
described, and their distinctive details and engineering data are 
admirably shown in a superb catalogue of 54 pages, measuring 
6xg inches. A. L. Ide & Sons, Springfield, Ill.; Adner Dodie 
Company, agents, San Francisco. 


‘*Helios Enclosed Arc Lamps.” A 12-page flyer, descriptive of 
the Helios direct-current, constant-potential, 110-volt, enclosed 
arc lamp. Indoor, outdoor, and ornamental lamps are illustrated 
and data concerning them are given. Catalogue 26. California 
Electrical Works, San Francisco. 

‘“*Transformers.’’ A 6x4%-inch brochure descriptive of the de- 
sign and characteristics of the Vindex transformers. In addition, 
specifications, curves, and tables are given on efficiencies, iron 
loss, regulation, etc. Vindex Electric Company, Chicago, IIl.; 
Wybro-Hendy Company, agents, San Francisco. 





‘Thomson Recording Wattmeters.’’ There is no trade litera- 
ture on a higher plane of excellence than that turned out from 
the General Electric press, and the book now under consideration 
is a fair specimen of its editorial and typographical productions. 
After pointing out the requirements essential to a perfect recording 


*Catalogues mentioned in this department will be mailed gratuitously on ap- 
plication to the concerns publishing them. When writing, mention THE 





JOURNAL OF ELECTRICITY, POWER AND Gas. Where addresses are not given, 
they may be found through reference to the Advertisers’ Index on page iii. 








wattmeter, the different types of Thomson meters are described in 
detail with all electrical connections and general information con- 
cerning the instruments. Catalogue No. 1016, 8x10% inches. 
General Electric Company. 


“Columbia Lamps.’’ Full size half-tone illustrations of stand- 
ard and special Columbia incandescent lamps, with specifications 
of each. Almost every vatiety of lamp is given. 24 pages, 8x10 
inches. Zhe Columbia Incandescent Lamp Company, St. Louis, 
Mo.; branch office, 120 Sutter street, San Francisco. 


“Enclosed Arc Lamps.’’ This deals with the different types of 
enclosed arc lamps for direct and alternating current circuits, in- 
door and outdoor lamps, and marine, miniature, power circuit, 
series enclosed, and single and double globe lamps. Each type 
is well illustrated and its design and advantages are clearly set 
forth. General Electric Company. 


‘Polyphase Transmission.” This is a reprint of a paper read 
by Charles F. Scott before the National Electric Light Association, 
March 1, 1894, and revised by the author early during the present 
year. It is the most concise and clearly presented discussion of 
alternating current conditions and problems that has yet appeared. 
Catalogue No. 227, 23 pages; Westinghouse Electric and Manu- 
facturing Company. 

Westinghouse Catalogues Nos. 110-E, 168-C, 188-B, 200-A, aud 
229. These are standard bulletins, dealing respectively with 
“Transformer Fuse Blocks,” ‘‘Shallenberger Integrating Watt- 
meters,”’ ‘No, 38-B Railway Motors,’”’ ‘‘Generators and Rotary 
Converters for Electrolytic Work,”’ and ‘‘Belt-Driven Railway 
Generators.”’ As the titles are self-explanatory, and as the quality 
of these publications is so universally recognized, detailed refer- 
ences seem redundant. Westinghouse Electric and Manufactur- 
ing Company. 

“The Westinghouse Junior Engine,’’ ‘“The Westinghouse Stand- 
ard Engine,’’ and ‘‘The Westinghouse Compound Engine.” These 
are three separate brochures that are exquisite presentations of 
the distinct features and advantages of the well-known Westing- 
house engines. All three catalogues are replete with general in- 
formation of value to those who operate Westinghouse or other 
high-duty engines, and the catalogue on the compound engine is 
especially meritorious in its descriptive features and its data on 
steam efficiencies, Size, 9x6% inches, and of 36, 54, and 94 pages 
respectively. Zhe Westinghouse Machine Company, Pittsburg, Pa. 

‘Architects’ and Engineers’ Electrical Bulletin.’’ Though this 
is an advertising publication, yet it is of such exceptional merit 
as to be well worthy of a place in any technical library. Its 
articles are by various authors, and while all have a bearing, in at 
least an indirect way, on the products of the Sprague Electric 
Company, they are so ably presented that they lose not a whit of 
their interest by reason of the medium containing them. The 
publication itself is, typographically, a model of elegance and 
richness. 50 pages, 9x12 inches, Sprague Electric Company, 
New York; 7he Brooks-Follis Electric Corporation, agents, San 
Francisco. 





Doiterature. 


MACHINISTS’ AND ENGINEERS’ PocKET MANUAL; Vest Pocket 
Edition ; size, 274x4% inches ; leather, with rubber band; 381 
pages. Published by Laird & Lee, Chicago. Price, $1.00. 

This is one of several vest-pocket manuals of technical reference 
proclivities that have been issued of late, and it is withal, a com- 
plete and compact work for its scope. It includes a compilation 
of rules and solved problems pertaining to steam engines, steam 
boilers, steam pumps, etc., based on plain arithmetic, and free 
from algebraic difficulties, together with necessary tables, and 
data of value in the machine shop, mechanical drawing room, 
and steam power plant. It embraces a dictionary of terms used 
in steam engineering and electricity; the construction and opera- 
tion of dynamos and motors; artificial refrigeration and ice mak- 
ing; treatise on the steam engine indicator, gearing, shafting, lathe 
screw cutting, etc., etc. 
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